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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to methods of using one or more agonists or antagonists to modulate activity 
of tumor necrosis factor (TNF) and TNF receptor (TNFR)-reiated molecules, and more specifically, the members of the 
TNF and TNFR families referred to as TALL-1 , APRIL, TACI, and BCMA. The invention also relates to methods for in 
vitro, in situ, and/or in vivo diagnosis and/or treatment of mammalian cells or pathological conditions associated with 
TALL-1, APRIL, TACI, or BCMA, using one or more agonist or antagonist molecules. 

BACKGROUND OF THE INVENTION 

[0002] Various molecules, such as tumor necrosis facto r-a ("TNF-a"), tumor necrosis factor-p ("TNF-p" or"lymphotoxin- 
a"), lymphotoxin-|3 ("LT-p"), CD30 ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1 BB iigand, Apo-1 ligand (also 
referred to as Fas ligand or CD95 ligand), Apo-2 ligand (also referred to as TRAIL), Apo-3 ligand (also referred to as 
TWEAK), osteoprotegerin (OPG), APRIL, RANK ligand (also referred to as TRANCE), and TALL-1 (also referred to as 
BlyS, BAFF or THANK) have been identified as members of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood, 85 :3370-3404 (1 995); Pitti et al., J. Biol. Chem. , 271:12687-12690 (1996); Wiley et al., 
Immunity, 3 :673-682 (1995); Browning et al., Cell, 72:847-856 (1993); Arrnitage et al. Nature , 357:80-82 (1992), WO 
97/01633 published January 16, 1997; WO 97/25428 published July 17, 1997; Marsters et al., Curr. BioL, 8:525-528 
(1998); Simonet etal., Cell, 89 :309-319 (1997); Chicheportiche et al., Biol. Chem. , 272:32401-32410 (1997); Hahne et 
al., J. Exp. Med. , 188:1185-1190 (1998); W098/28426 published July 2, 1998; W098/46751 published October 22, 
1998; WO/98/18921 published May 7, 1998; Moore et al., Science, 285:260-263 (1999); Shu et al., J. Leukocyte BioL, 
65:680 (1 999); Schneider et al., J, Exp. Med. , 189:1 747-1 756 (1 999); Mukhopadhyay et al., J. Biol. Chem. , 274:1597B- 
15981 (1999)]. Amongthese molecules, TNF-a, TNF-p, CD30 ligand, 4-18B ligand, Apo-1 ligand, Apo-2 ligand (Apo2L7 
TRAIL) and Apo-3 ligand (TWEAK) have been reported to be involved in apoptotic cell death. Both TNF-a and TNF-p 
have been reported to induce apoptotic death in susceptible tumor cells [Schmid et al., Proc. Nati. Acad. ScL , 83:1 881 
(1 986); Dealtry et aL, Eur. J. Immunol., 17 :689 (1 987)]. 

[0003] Various molecules in the TNF family also have purported role(s) in the function or development of the immune 
system [Gruss et al., Blood , 85:3378 (1995)]. Zheng et al. have reported that TNF-a is involved in post-stimulation 
apoptosis of CD8-positive T cells [Zheng et al., Nature , 377 :348-351 (1995)]. Other investigators have reported that 
CD30 ligand may be involved in deletion of self-reactive T cells in the thymus [Amakawa et al., Cold Spring Harbor 
Laboratory Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. CD40 ligand activates many functions of B 
cells, including proliferation, immunoglobulin secretion, and survival [Renshaw et al., J. Exp. Med., 180 :1889 (1994)]. 
Another recently identified TNF family cytokine, TALL-1 (BlyS), has been reported, under certain conditions, to induce 
B cell proliferation and immunoglobulin secretion. [Moore et al., supra ; Schneider et al., supra ; Mackay et al., J. Exp. 
Med., 190:1697(1999)]. 

[0004] Mutations in the mouse Fas/Apo-1 receptor or ligand genes (called /pr and gld, respectively) have been asso- 
ciated with some autoimmune disorders, indicating that Apo-1 ligand may play a role in regulating the clonal deletion of 
self-reactive lymphocytes in the periphery [Krammer et al., Curr. Op. Immunol., 6 :279-299 (1 994); Nagata et al., Science , 
267 :1449-1456 (1995)]. Apo-1 ligand is also reported to induce post-stimulation apaptosin in CD4-positiveT lymphocytes 
and in B lymphocytes, and may be involved in the elimination of activated lymphocytes when their function is no longer 
needed [Krammer et al., supra ; Nagata et al., supra] . Agonist mouse monoclonal antibodies specifically binding to the 
Apo-1 receptor have been reported to exhibit cell killing activity that is comparable to or similar to that of TNF-a (Yonehara 
et al., J. Exp. Med. 3 169:1747-1756 (1989)]. 

[0005] Induction of various cellular responses mediated by such TNF family cytokines is believed to be initiated by 
their binding to specific cell receptors. Previously, two distinct TNF receptors of approximately 55-kDa (TNFR1) and 75- 
kDa (TNFR2) were identified [Hohman et al., J. BioL Chem. , 264:14927-14934 (1999); Brockhaus et al., Proc. Natl. 
Acad. ScL , 87:3127-3131 (1990); EP 417,563, published March 20, 1991; Loetscher et aL, Cell, 61:351 (1990); Schall 
et al, Cell , 61:361 (1 990); Smith et aL, Science , 248 : 1 01 9-1 023 (1 990); Lewis et al., Proc. Nati. Acad. Sci. , 88:2830-2834 
(1991); Goodwin et al., Mol. Cell. BioL , T1_:3020-3026 (1991)]. Those TNFRs were found to share the typical structure 
of cell surface receptors including extracellular, transmembrane and intracellular regions. The extracellular portions of 
both receptors were found naturally also as soluble TNF-binding proteins [Nophar, Y. et al., EMBO J., 9 :3269 (1990); 
and Kohno, T. et aL, Proc. Nati. Acad. Sci. U.S.A. , 87;8331 (1 990); Hale et al., J. Cell. Biochem. Supplement 15F , 1 991 , 
p. 113 (P424)]. 

[0006] The extracellular portion of type 1 and type 2 TNFRs (TNER1 and TNFR2) contains a repetitive amino acid 
sequence pattern of four cysteine-rich domains (CRDs) designated 1 through 4, starting from the NH 2 -terminus. [Schall 
aL, supra ; Loetscher et al., supra ; Smith et aL, supra ; Nophar et aL, supra ; Kohno et al., supra ; Banner et aL. Cell , 
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73:431-435 (1993)]. A similar repetitive pattern of CRDs exists in several other eel i-surf ace proteins, including the p75 
nerve growth factor receptor (NGFR) [Johnson et a!., Ceil , 47:545 (1986); Radeke et al., Nature, 325 :593 (1987)], the 
B cell antigen CD40 [Stamenkovic et al., EMBO J., 8 :1403 (1 989)], the T cell antigen OX40 [Mallet et ah, EMBO J., 9 : 
1063 (1990)] and the Fas antigen [Yonehara et al., supra and Itoh etal., Cell, 66 :233-243 (1991)]. CRDs are also found 
5 in the soluble TNFR (sTNFR)-iike T2 proteins of the Shop e and myxoma poxviruses [Upton et al., Virology , 160:20-29 
(1 987); Smith etal., Biochem. Biophys. Res. Commun ., 176 :335 (1991); Upton et al., Virology , 184 :370 (1 991)]. Optima! 
alignment of these sequences indicates that the positions of the cysteine residues are well conserved. These receptors 
are sometimes collectively referred to as members of the TNF/NGF receptor superfamily. 

[0007] The INF family ligands identified to date, with the exception of lymphotoxin-a, are type II transmembrane 
10 proteins, whose C-terminus is extracellular, in contrast, most receptors in the TNF receptor (TNFR) family identified to 
date are type I transmembrane proteins. In both the TNF ligand and receptor families, however, homology identified 
between family members has been found mainly in the extracellular domain ("ECD"). Several of the TNF family cytokines, 
including TNF-a, Apo-1 ligand and CD40 ligand, are cleaved proteolytically at the cell surface; the resulting protein in 
each case typically forms a hamotrimeric molecule that functions as a soluble cytokine. TNF receptor family proteins 
15 are also usually cleaved proteolytically to release soluble receptor ECDs that can function as inhibitors of the cognate 
cytokines. 

' [0008] More recently, other members of the TNFR family have been identified. In von Bulow et al., Science , 278 : 
138-141 (1997), investigators describe a plasma membrane receptor referred to as Transmembrane Activator and 
CAML-Interactor or "TACI". The TACI receptor is reported to contain a cysteine-rich motif characteristic of the TNFR 
20 family and to be present on both B cells and activated T cells. In an in vitro assay, cross linking of TACI on the surface 
of transfected Jurkat cells with TACI-specific antibodies led to activation of NF-KB. [see also, WO 98/39361 published 
September 18, 1998]. 

[0009] Laabi et al., EMBO J. , 21:3897-3904 (1992) reported identifying a new gene called "BCM" whose expression 
was found to coincide with B cell terminal maturation. The open reading frame of the BCM normal cDNA predicted a 

25 184 amino acid long polypeptide with a single transmembrane domain. These investigators later termed this gene 
"BCM A." [Laabi et al., Nucleic Acids Res. , 22:1147-1 154 (1994)]. BCMA mRNA expression was reported to be absent 
in human malignant B cell lines which represent the pro-B lymphocyte stage, and thus, is believed to be linked to the 
stage of differentiation of lymphocytes [Gras etal., Int. Immunology, 7 :1093-1 106 (1995)]. In Madryetal., Int. Immunology, 
10:1693-1702 (1998), the cloning of murine BCMA cDNA was described. The murine BCMAcDNAis reported to encode 

30 a 165 amino acid long polypeptide having 62% identity to the human BCMA polypeptide. Alignment of the murine and 
human BCMA protein sequences revealed a conserved motif of six cysteines in the N-terminal region, suggesting that 
the BCMA protein belongs to the TNFR superfamily [Madry et al., supra] . 

[0010] In Marsters et al., Curr. Biol. , 6:750 (1996), investigators describe a full length native sequence human polypep- 
tide, called Apo-3, which exhibits similarity to the TNFR family in its extracellular cysteine-rich repeats and resembles 
35 TNFR1 and CD95 in that it contains a cytoplasmic death domain sequence [see also Marsters et al., Curr, Biol., 6 :1669 
(1996)]. Apo-3 has also been referred to by other investigators as DR3, ws1-1, TRAMP, and LARD [Chinnaiyan et al., 
Science , 274 :990 (1996); Kitson et al., Nature, 384 :372 (1996); Bodmer et al., Immunity, 6 :79 (1997); Screaton et al., 
Proc. Natl. Acad. Sci., 94 :4615-4619 (1997)]. 

[0011] Pan et al. have disclosed another TNF receptor family member referred to as "DR4" [Pan et al., Science , 276 : 
40 111-113(1 997); see also W098/32856 published July 30, 1 998]. The DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al. disclose that DR4 is believed to be a receptor for the 
ligand known as ApoZLVTRAiL. 

[001 2] In Sheridan et al., Science, 277 :81 8-821 (1 997) and Pan et al., Science , 277 :81 5-81 8 (1 997), another molecule 
believed to be a receptor for Apo2L7TRAIL is described [see also, W098/51793 published November 19, 1998; 

45 W098/41 629 published September 24, 1 998]. That molecule is referred to as DR5 (it has also been alternatively referred 
to as Apo-2; TRAIL- R, TR6, Tango-63, hAPOS, TRICK2 or KILLER [Screaton et al., Curr. Biol., 7 :693-696 (1997); 
walczak et al., EMBO J. , J6:5386-5387 (1997); Wu et al., Nature Genetics , 17:141-143 (1 997), W098/35986 published 
August 20, 1998; EP 870,827 published October 14, 1990, W098/46643 published October 22, 1998; WO99/02653 
published January 21 , 1 999; WO99/091 65 published February 25, 1 999; W099/1 1 791 published March 11,1 999]. Like 

so DR4, DR5 is reported to contain a cytoplasmic death domain and be capable of signaling apoptosis. The crystal structure 
of the complex formed between Apo-2L/TRAIL and DR5 is described in Hymowitz etal., MolecuiarCell , 4:563-571 (1 999). 
[0013] Yet another death domain-containing receptor, DR6, was recently identified [Pan et al., FEBS Letters, 431 : 
351-356 (1999)]. Asidefrom containing four putative extracellular cysteine rich domains and a cytoplasmic death domain, 
DR6 is believed to contain a putative leucine-zipper sequence that overlaps with a proline-rich motif in the cytoplasmic 

55 region. The proline-rich motif resembles sequences that bind to src-homology-3 domains, which are found in many 
intracellular signal -transducing molecules. 

[0014] A further group of recently identified receptors are referred to as "decoy receptors," which are believed to 
function as inhibitors, rather than transducers of signaling. This group includes DCR1 (also referred to as TRID, LIT or 
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TRAIL-R3) [Pan et al., Science, 276:11 1-1 13 (1997); Sheridan et al., Science, 277:818-821 (1997); McFarlane etal., 
J. Biol. Chem. , 272:25417-25420 (1997); Schneider at al., FEBS Letters, 416 :329-334 (1997); Degli-Esposti at al., J. 
Exp, Med., 186 :1165-1170 (1997); and Mongkolsapaya et al., J. Immunol. , 160:3-6 (1998)] and DCR2 (also called 
TRUNDD or TRAIL-R4) [Marsters et a!., Curr. Biol. , 7:1003-1006 (1997); Pan et al., FEBS Letters , 424:41-45 (1998); 

5 Degli-Esposti et al., Immunity, 7 :813-820 (1997)], both cell surface molecules, as well as OPG [Simonet et ai., supra ; 
Emery et al., infra] and DCR3 [Pitti et al., Nature, 396:699-703 (1 998)], both of which are secreted, soluble proteins. 
[0015] Additional newly identified members of the TNFR family include CAR1, HVEM, GITR, ZTNFR-5, NTR-1 , and 
TNFL1 [Brojatsch et al., Ceil, 87 :845-855 (1996); Montgomery et al., Cell , 87:427-436 (1996); Marsters et al., J. Biol, 
Chem. , 272:14029-14032 (1997); Nocentini et al., Proc. Natl. Acad. Sci. USA 94:621 6-6221 (1997); Emery et al., J. 

10 Biol. Chem., 273 :14363-14367 (1 998); WO99/04001 published January 28, 1 999; WO99/07738 published February 1 8, 
1999; WO99/33980 published July 8, 1999]. 

[0016] As reviewed recently by Tewari et al., TNER1 , TNFR2 and CD40 modulate the expression of proinflammatory 
and costimuiatory cytokines, cytokine receptors, and cell adhesion molecules through activation of the transcription 
factor, NF-kB [Tewari et al., Curr. Op. Genet. Develop. , 6:39-44 (1996)]. NF-kB is the prototype of a family of dimeric 

15 transcription factors whose subunits contain conserved Rel regions [Verma et al., Genes Develop. , 9:2723-2735 (1 996); 
Baldwin, Ann. Rev. Immunol. , 14:649-681 (1996)]. In its latent form, NF-kB is complexed with members of the IkB 
inhibitor family; upon inactivation of the IkB in response to certain stimuli, released NF-kB translocates to the nucleus 
where it binds to specific DNA sequences and activates gene transcription. As described above, the TNFR members 
identified to date either include or lack an intracellular death domain region. Some TNFR molecules lacking a death 

20 domain, such as TNFR2, CD40, HVEM, and GITR, are capable of modulating NF-kB activity, [see, e.g., Lotz et al., j\ 
Leukocyte Biol. , 60; 1-7 (1996)]. 

[0017] For a review of theTNFfamily of cytokines andtheir receptors, see Ashkenazi and Dixit, Science , 281 : 1305-1 308 
(1996); Golstein, Curr. Biol. , 7:750-753 (1997); Gruss and Dower, supra , and Nagata, Cell , 88:355-365 (1997), 

25 SUMMARY OF THE INVENTION 

[0018] Applicants have surprisingly found that the TNF family ligand referred to as TALL- 1 binds to the TACI receptor 
and to the BCMA receptor. Applicants have also surprisingly found that the TNF family ligand referred to as APRIL binds 
to both the TACI and BCMA receptors. Although certain TALL-1 and APRIL ligands, and certain TACI and BCMA 

30 receptors, have been described previously, it was not appreciated in the art that TALL-1 and APRIL bind and activate 
the TACI and BCMA receptors. The present invention thus provides for novel methods of using antagonists or agonists 
of these TNF-related ligands and receptors. The antagonists and agonists described herein find utility for, among other 
things, in vitro, in situ, or in vivo diagnosis or treatment of mammalian cells or pathological conditions associated with 
the presence (or absence) of TALL-1 , APRIL, TACI, or BCMA. 

35 [001 9] The methods of use include methods to treat pathological conditions or diseases in mammals associated with 
or resulting from increased or enhanced TALL-1 or APRIL expression and/or activity. In the methods of treatment, TALL- 
1 antagonists or APRIL antagonists may be administered to the mammal suffering from such pathological condition or 
disease. The TALL-1 antagonists and APRIL antagonists contemplated for use in the invention include TACI receptor 
immunoadhesins or BCMA receptor immunoadhesins, as well as antibodies againstthe TACI receptor or BCMA receptor, 

40 which preferably block or reduce the respective receptor binding or activation by TALL-1 ligand or APRIL ligand. For 
instance, TACI receptor immunoadhesins may be employed to treat rheumatoid arthritis or multiple sclerosis. The TALL- 
1 antagonists and APRIL antagonists contemplated for use further include anti-TALL-1 antibodies or anti-APRIL anti- 
bodies which are capable of blocking or reducing binding of the respective ligands to the TACI or BCMA receptors. Still 
further antagonist molecules include covalently modified forms, or fusion proteins, comprising TACI or BCMA. Byway 

45 of example, such antagonists may include pegylated TACI or BCMA and TACI or BCMA fused to heterologous sequences 
such as epitope tags or leucine zippers. Optionally, the antagonist molecule(s) employed in the methods will be capable 
of blocking or neutralizing the activity of both TALL-1 and APRIL, e.g., a dual antagonist which blocks or neutralizes 
activity of both TALL-1 and APRIL. The methods contemplate the use of a single type of antagonist molecule or a 
combination of two or more types of antagonist. 

so [0020] I n another embodiment of the invention, there are provided methods for the use of TALL-1 antagonists to block 
or neutralize the interaction between TALL-1 and TACI and/or BCMA. For example, the invention provides a method 
comprising exposing a mammalian cell, such as a white blood cell (preferably a B cell), to one or more TALL-1 antagonists 
in an amount effective to decrease, neutralize or block activity of the TALL-1 ligand. The cell may be in cell culture or in 
a mammal, e.g. a mammal suffering from, for instance, an immune related disease creancer. Thus, the invention includes 

55 a method for treating a mammal suffering from a pathological condition such as an immune related disease or cancer 
comprising administering an effective amount of one or more TALL-1 antagonists, as disclosed herein. 
[0021] The invention also provides methods for the use of APRIL antagonists to block or neutralize the interaction 
between APRIL and TACI or BCMA, For example, the invention provides a method comprising exposing a mammalian 
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cell, such as a white blood cell (preferably a B cell), to one or more APRIL antagonists in an amount effective to decrease, 
neutralize or block activity of the APRIL iigand. The ceil may be in cell culture or in a mammal, e.g. a mammal suffering 
from, for instance, an immune related disease or cancer. Thus, the invention includes a method for treating a mammal 
sufferingf rom a pathological condition such as an immune related disease or cancer comprising administering an effective 

5 amount of one or more APRIL antagonists, as disclosed herein. 

[0022] The invention also provides compositions which comprise one or more TALL-1 antagonists or APRIL antago- 
nists. Optionally, the compositions of the invention will include pharmaceutically acceptable carriers or diluents. Prefer- 
ably, the compositions wiii include one or more TALL-1 antagonists or APRIL antagonists in an amount which is thera- 
peutically effective to treat a pathological condition or disease. 

10 [0023] The invention also provides particular antagonist molecules comprising anti-APRIL antibodies. Such antibodies 
may include monoclonal antibodies, chimeric antibodies, humanized antibodies or human antibodies. In one embodiment, 
the anti-APRIL antibodies comprise monoclonal antibodies, and preferably, comprise the anti-APRIL monoclonal anti- 
bodies disclosed in the Examples below. Hybridomas secreting various anti-APRIL monoclonal antibodies are further 
provided herein. 

15 [0024] The invention also provides articles of manufacture and kits which include one or more TALL-1 antagonists or 
APRIL antagonists. 

[0025] " In addition, the invention provides methods of using TACl agonists or BCMA agonists to, for instance, stimulate 
or activate TACI receptor or BCMA receptor. Such methods will be useful in treating pathological conditions characterized 
by or associated with insufficient TALL-1 or APRIL expression or activity such as immunodeficiency or cancer (such as 
20 by boosting the immune anti-cancer response). The TACI agonists or BCMA agonists may comprise agonistic anti-TACI 
or anti-BCMA antibodies. The agonistic activity of such TACI agonists or BCMA agonists may comprise enhancing the 
activity of a native Iigand for TACI or BCMA or activity which is the same as or substantially the same as (i.e., mimics) 
the activity of a native Iigand for TACI or BCMA. 

[0026] Thus, the invention also provides compositions which comprise one or more TACI agonists or BCMA agonists. 
25 Optionally, the compositions of the invention will include pharmaceutically acceptable carriers or diluents. Preferably, 
the compositions will include one ormoreTACI agonists or BCMA agonists in an amount which is therapeutically effective 
to stimulate signal transduction by TACI or BCMA. 

[0027] Further, the invention provides articles of manufacture and kits which include one or more TACI agonists or 
BCMA agonists. 

30 [0028] The invention also provides methods of conducting screening assays, to identify candidate molecules, such 
as small molecule compounds, polypeptides or antibodies, which act as agonists or antagonists with respect to the 
interaction between TALL-1 and TACI or BCMA, or to the interaction between APRIL and TACI or BCMA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0029] 

Figures 1 A-1 B show a polynucleotide sequence encoding a native sequence human TACI (SEQ ID NO:1 ) (reverse 
complimentary sequence is provided in SEQ ID NO:1 1) and its putative amino acid sequence (SEQ ID NO:2). 

40 

Figure 2 shows a polynucleotide sequence encoding a native sequence human BCMA (SEQ ID PO:3) (reverse 
complimentary sequence is provided in SEQ ID NO:12) and its putative amino acid sequence (SEQ ID NO:4). 

Figure 3 shows a polynucleotide sequence encoding a native sequence human TALL-1 (SEQ ID NO:5) (reverse 
45 complimentary sequence is provided in SEQ ID NO:13) and its putative amino acid sequence (SEQ ID NO:6). 

Figures 4A-4B show a polynucleotide sequence encoding a native sequence human APRIL (SEQ ID NO:7) (reverse 
complimentary sequence is provided in SEQ ID NO:14) and its putative amino acid sequence (SEQ ID NO:8). 

50 Figures 5A-5B show exemplary methods for calculating the % amino acid sequence identity of the amino acid 

sequence designated "comparison Protein" to the amino acid sequence designated "PRO", For purposes herein, 
the "PRO" sequence may be the TACI, BCMA, TALL-1, or APRIL sequences referred to in Figures 1, 2, 3, or 4 
herein, respectively. 

55 Figure 6 shows an alignment of two amino acid sequences for the TACI receptor, referred to as "hTACl (265)" (SEQ 

ID NO:9), believed to be a spliced variant, and "hTACl", also referred to in Figures 1 A-1B (SEQ ID NO:2). 

Figures 7A-7D show the results of an in situ assay, staining for AP activity. COS 7 cells were transfected with TACI 
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(Fig. 7A-7C) or vector plasmid (Fig. 7D] and incubated with AP-TALL-1 (Fig. 7 A, 7D); AP-TNF-aipha (Fig. 7B); or 
AP-EDA (Fig. 7C). 

Figures 8A-8H show the results, by Western blot analysis, of various co-immunoprecipitation assays of TALL-1 or 
5 " APRIL with TACI or BCMA immunoadhesins, as described in detail in Example 2. In Figures 8A-8H, TALL-1 is 
referred to as "Blys/TALL-1 

Figures 9A-9B show the results of further binding assays to demonstrate TALL-1 and APRIL are iigands for TACI 
and BCMA. In Figure 9A, COS 7 cells were transfected with TALL-1 (9a-9c); APRIL (9d-9f); or TNF-aipha (9g-9i) 

10 and incubated with BCMA-Fc (9a, 9d, and 9g); TACI-Fc (9b, 9e, and 9h); or TNFR1-Fc (9c, 9f, and 9i). Cells were 

then washed, fixed and the binding of Fc protein was detected by biotinylated goat anti-hurnan antibody followed 
by Cy3-streptavidin. In Figure 9B, COS 7 cells were transfected with TACI (1, 2, and 3); BCMA (4, 5, and 6); or 
vector (7, 8, and 9) and Incubated with conditioned medium containing AP-TALL-1 (1, 4, and 7), AP-APRIL (2, 5, 
and 8) or AP-TNF-alpha (3, 6, and 9), Cells were then washed, fixed and stained for AP activity in situ. In Figures 

15 9A-9B, TALL-1 is referred to as "Blys/TALL-1 ". 

Figure 1 0 shows a bar diagram illustrating the results of an IqM ELISA, testing the effects of the indicated cytokines, 
Iigands and receptors on IgM production in target PBLs. 

zo Figures 1 1 A-1 1 D shows the results of assays demonstrating that interaction between TALL-1 or APRIL and TACI 

or BCMA results in activation of NF-KB. In Figure 11 A, stimulation of TACI/HCMA. mediated NF-KB activation by 
TALL-1 or APRIL. In Figures 1 18 and 11c, stimulation of TACI/BCMA mediated NF-KB activation by co-transfection 
of full-length TALL-1 or APRIL. In Figure 11 D, treatment of untransfecced IM-9 cells with Fiag-TALL-1 also resulted 
in activation of NF-KB, as measured in an electrophoretic mobility shift assay. 

25 

Figure 1 2 shows a bar diagram illustrating the results of an ELISA testing the effects of blocking TALL-1 /TACI and 
TALL-1 /BCMA interactions on NP-specific IgM, low affinity lgG1, and high affinity lgG1 production. 

Figures 13-1 (panels A, B and C) and 13-2 (panels A, B, and C) show immunohistochemical analysis of spleen 
30 sections from immunized mice treated with TACI-Fc or BCMA-Fc, and described in further detail in Example 5. 

Figure 14A shows the results of an ELISA testing binding of various anti-APRIL antibodies to Flag-APRIL. 

Figure 14B shows a table indicating the various results of assays of monoclonal antibodies 3C6.4.2; 5E8.7.4; 
35 5E1 1.1.2; and5G8.2.2, including isotype analysis. 

Figures 15A-15D show bar diagrams illustrating the results of competitive binding ELISAs of anti-APRIL antibodies 
3C6.4.2 ("3C6") (Fig. 15A); 5E8.7.4 ("5E8") (Fig. 15B); 5E11.1.2 ("5E11") (Fig. 15C); and 5G8.2.2 ("5G8") (Fig. 
15D), and described in further detail in Example 9. 

40 

Figures 16A and 16B shows the results of assays demonstrating inhibition of collagen-induced arthritis by TACI-Fc 
treatment in an in vivo murine model. The arthritic score observations are described in Example 1 0. 

Figures 1 7A-1 7F show histo-chemical and radiological profiles of joints of CIA mice treated with TACI-Fc or Controls. 

45 

Figures 18A-1 8E shows the results of assays demonstrating TACI-Fc inhibited anti-collagen immune responses in 
the CIA murine model. Figs. 18A and 18B show serum levels of anti-BCIi lgG1 and lgG2a isotype antibodies; Fig. 
1 8C illustrates the effects of TACI-Fc on proliferative T cell responses; Fig. 18D illustrates the effects of TACI-Fc 
on IL-2 production by T cells; Fig. 18E illustrates the effects of TACI-Fc on interferon-gamma production by T cells. 

50 

Figures 19A-1 9B show the inhibitory effects of TACI-Fc on anti-CD3 induced proliferation of naTve T cells ((Fig. 1 9A) 
and on anti-CD3 induced IL-2 production by naive T cells, as measured in in vitro assays. 

Figure 20 shows the results of an assay demonstrating inhibition of experimental allergic encephalomyelitis (EAE) 
55 by TACI-Fc treatment in an in vivo murine model. The clinical EAE score observations are described in Example 11. 
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DETAILED DESCRIPTION OF THE INVENTION 
L Definitions 

5 [0030] The terms "TACI" or "TACI polypeptide" or "TACi receptor" when used herein encompass "native sequence 
TACI polypeptides" and "TACI variants" (which are further defined herein). "TACI" is a designation given to those polypep- 
tides which are encoded by the nucleic acid molecules comprising the polynucleotide sequences shown in Figure 1 and 
variants orfragments thereof, nucleic acid molecules comprising the sequence shown in the Figure 1 and variants thereof 
as well as fragments of the above. The TACI polypeptides of the invention may be isolated from a variety of sources, 
to such as from human tissue types or from another source, or prepared by recombinant and/or synthetic methods. 

[0031] A "native sequence" TACI polypeptide comprises a polypeptide having the same amino acid sequence as the 
corresponding TACI polypeptide derived from nature. Such native sequence TACI polypeptides can be isolated from 
nature or can be produced by recombinant and/or synthetic means, The term "native sequence TACI polypeptide" 
specifically encompasses naturally-occurring truncated or secreted forms (e.g., an extracellular domain sequence), 

15 naturally- occurring variant forms (e.g., alternatively spliced forms) and naturally-occurring allelic variants of the polypep- 
tide. The TACI polypeptides of the invention include but are not limited to the polypeptides described in von Bulow et 
a!., supra and W098/39361 published September 11,1 990, the spliced variant (referred to as "hTACI(265) ,J above and 
shown in Fig. 6 (SEQ ID NO:9)), and the TACI polypeptide comprising the contiguous sequence of amino acid residues 
1-293 of Figs. 1A-1B (SEQ ID NO:2). 

20 [0032] A TACI "extracellular domain" or "ECD" refers to a form of the TACI polypeptide which is essentially free of the 
transmembrane and cytoplasmic domains. Ordinarily, a TACI polypeptide ECD will have less than about 1% of such 
transmembrane and/or cytoplasmic domains and preferably, will have less than about 0.5% of such domains. It will be 
understood that any transmembrane domain(s) identified for the TACI polypeptides of the present invention are identified 
pursuant to criteria routinely employed in the art for identifying that type of hydrophobic domain, The exact boundaries 

25 of a transmembrane domain may vary but most likely by no more than about 5 amino acids at either end of the domain 
as initially identified. ECD forms of TACI include those described in von Bufow et al., supra and W098/39361. 
[0033] "TACI variant*" means a TACI polypeptide having at least about B0% amino acid sequence identity with the 
amino acid sequence of a native sequence full length TACI or TACI ECD. Preferably such TACI variant acts as a TALL- 
1 antagonist or APRIL antagonist as defined below. Such TACI variant polypeptides include, for instance, TACI polypep- 

30 tides wherein one or more amino acid residues are added, or deleted, at the N- and/or C-terminus, as well as within one 
or more internal domains, of the full-length amino acid sequence. Fragments of the TACI ECD are also contemplated. 
Ordinarily, a TACI variant polypeptide will have at least about 80% amino acid sequence identity, more preferably at 
least about 81 % amino acid sequence identity, more preferably at least about 82% amino acid sequence identity, more 
preferably at least about 83% amino acid sequence identity, more preferably at least about 84% amino acid sequence 

35 identity, more preferably at least about 85% amino acid sequence identity, more preferably at least about 86% amino 
acid sequence identity, more preferably at least about 87% amino acid sequence identity, more preferably at least about 
88% amino acid sequence identity, more preferably at least about 89% amino acid sequence identity, more preferably 
at least about 90% amino acid sequence identity, more preferably at least about 91% amino acid sequence identity, 
more preferably at least about 92% amino acid sequence identity, more preferably at least about 93% amino acid 

to sequence identity, more preferably at least about 94% amino acid sequence identity, more preferably at least about 
95% amino acid sequence identity, more preferably at least about 96% amino acid sequence identity, more preferably 
at least about 97% amino acid sequence identity, more preferably at least about 98% amino acid sequence identity and 
yet more preferably at least about 99% amino acid sequence identity with a TACI polypeptide encoded by a nucleic acid 
molecule shown in Figure 1 or a specified fragment thereof. TACI variant polypeptides do not encompass the native 

45 TACI polypeptide sequence. Ordinarily, TACI variant polypeptides are at least about 10 amino acids in length, often at 
least about 20 amino acids in length, more often at least about 30 amino acids in length, more often at least about 40 
amino acids in length, more often at least about 50 amino acids in length, more often at least about 60 amino acids in 
length, more often at least about 70 amino acids in length, more often at least about BO amino acids in length, more 
often at least about 90 amino acids in length, more often at least about 100 amino acids in length, more often at least 

50 about 150 amino acids in length, more often at least about 200 amino acids in length, more often at least about 250 
amino acids in length, more often at least about 300 amino acids in length, or more. 

[0034] The terms "BCMA" or "BCMA polypeptide" or "BCMA receptor" when used herein encompass "native sequence 
BCMA polypeptides" and "BCMA variants" (which are further defined herein). "BCMA"4s a designation given to those 
polypeptides which are encoded by the nucleic acid molecules comprising the polynucleotide sequences shown in Figure 
55 2 and variants thereof, nucleic acid molecules comprising the sequence shown in the Figure 2 and variants thereof as 
well as fragments of the above. The BCMA polypeptides of the invention may be isolated from a variety of sources, such 
as from human tissue types or from another source, or prepared by recombinant and/or synthetic methods. 
[0035] A "native sequence" BCMA polypeptide comprises a polypeptide having the same amino acid sequence as 
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the corresponding BCMA polypeptide derived from nature. Such native sequence BCMA polypeptides can be isolated 
from nature or can be produced by recombinant and/or synthetic means. The term "native sequence BCMA polypeptide" 
specifically encompasses naturally-occurring truncated or secreted forms (e.g., an extracellular domain sequence), 
naturally-occurring variant forms (e.g., alternatively spliced forms) and naturally-occurring allelic variants of the polypep- 
s tide. The BCMA polypeptides of the invention include the polypeptides described in Laabi et al., EMBO J., 1 1 :3897-3904 
(1 992); Laabi et al., Nucleic Acids Res., 22 :1 1 47-1 1 54 (1 994); Gras et al., int. Immunology , 7:1 093-11 06 (1 995); Madry 
et al., Int. Immunology , 10 :1693-1 702 (1 998); and the BCMA polypeptide comprising the contiguous sequence of amino 
acid residues 1-184 of Fig. 2 (SEQ ID NO:4). 

[0036] A BCMA "extracellular domain" or "ECD" refers to a form of the BCMA polypeptide which is essentially free of 
10 the transmembrane and cytoplasmic domains. Ordinarily, a BCMA polypeptide ECD will have less than about 1% of 
such transmembrane and/or cytoplasmic domains and preferably, will have less than about 0.5% of such domains. It 
will be understood that any transmembrane domain(s) identified for the BCMA polypeptides of the present invention are 
identified pursuant to criteria routinely employed in the art for identifying that type of hydrophobic domain. The exact 
boundaries of a transmembrane domain may vary but most likely by no more than about 5 amino acids at either end of 
15 the domain as initially identified. ECD forms of TACI include those described in Laabi et al., EMBO J., 11 :3897-3904 
(1992); Laabi et aL, Nucleic Acids Res., 22 :1 147-1 154 (1994); Gras etal., Int. immunology, 7 :1093-1106 (1995); Madry 
et al., Int. Immunology, 10:1693-1702 (1998). 

[0037] "BCMA variant" means a BCMA polypeptide having at least about 80% amino acid sequence identity with the 
amino acid sequence of a native sequence BCMA or BCMA ECD. Preferably such a BCMA variant acts as a TALL-1 

20 antagonist orAPRIL antagonist as defined below. Such BCMA variant polypeptides include, for instance, BCMApolypep- 
tides wherein one or more amino acid residues are added, or deleted, at the N- and/or C-temninus, as well as within one 
or more internal domains, of the full-length amino acid sequence. Fragments of the BCMA ECD are also contemplated. 
Ordinarily, a BCMA variant polypeptide will have at least about 80% amino acid sequence identity, more preferably at 
least about 81 % amino acid sequence identity, more preferably at least about 82% amino acid sequence identity, more 

25 preferably at least about 83% amino acid sequence identity, more preferably at least about 84% amino acid sequence 
identity, more preferably at least about 85% amino acid sequence identity, more preferably at least about 86% amino 
acid sequence identity, more preferably at least about 87% amino acid sequence identity, more preferably at least about 
88% amino acid sequence identity, more preferably at least about 89% amino acid sequence identity, more preferably 
at least about 90% amino acid sequence identity, more preferably at least about 91% amino acid sequence identity, 

30 more preferably at least about 92% amino acid sequence identity, more preferably at least about 93% amino acid 
sequence identity, more preferably at least about 94% amino acid sequence identity, more preferably at least about 
95% amino acid sequence identity, more preferably at least about 96% amino acid sequence identity, more preferably 
at least about 97% amino acid sequence identity, more preferably at least about 98% amino acid sequence identity and 
yet more preferably at least about 99% amino acid sequence identity with a BCMA polypeptide encoded by a nucleic 

35 acid molecule shown in Figure 2 or a specified fragment thereof. BCMA variant polypeptides do not encompass the 
native BCMA polypeptide sequence. Ordinarily, BCMA variant polypeptides are at least about 1 0 amino acids in length, 
often at least about 20 amino acids in length, more often at least about 30 amino acids in length, more often at least 
about 40 amino acids in length, more often at least about 50 amino acids in length, more often at least about 60 amino 
acids in length, more often at least about 70 amino acids in length, more often at least about 80 amino acids in length, 

to more often at least about 90 amino acids in length, more often at least about 1 00 amino acids in length, more often at 
least about 150 amino acids in length, more often at least about 200 amino acids in length, more often at least about 
250 amino acids in length, more often at least about 300 amino acids in length, or more. 

[0038] The terms "TALL-1 " or "TALL-1 polypeptide" when used herein encompass "native sequence TALL-1 polypep- 
tides" and "TALL-1 variants". "TALL-1" is a designation given to those polypeptides which are encoded by the nucleic 

45 acid molecules comprising the polynucleotide sequences shown in Figure 3 and variants thereof, nucleic acid molecules 
comprising the sequence shown in the Figure 3, and variants thereof as well as fragments of the above which have the 
biological activity of the native sequence TALL-1 . Variants of TALL-1 will preferably have at least 80%, more preferably, 
at least 90%, and even more preferably, at least 95% amino acid sequence identity with the native sequence TALL-1 
polypeptide shown in Figure 3. A "native sequence" TALL-1 polypeptide comprises a polypeptide having the same amino 

50 acid sequence as the corresponding TALL-1 polypeptide derivedfrom nature. Such native sequence TALL-1 polypeptides 
can be isolated from nature or can be produced by recombinant and/or synthetic means. The term "native sequence 
TALL-1 polypeptide" specifically encompasses naturally-occurring truncated or secreted forms (e.g., an extracellular 
domain sequence), naturally-occurring variant forms (e.g., alternatively spliced forms) and naturally-occurring allelic 
variants of the polypeptide, The term "TALL-1 " includes those polypeptides described in Shu et al., GenBank Accession 

55 No. AF136293; W098/18921 published May 7, 1998; EP 869,180 published October 7, 1998; W098/27114 published 
June 25, 1998; W099/12964 published March 18, 1999; WO99/33980 published July 8, 1999; Moore et a!., supra ; 
Schneider et aL, supra; and Mukhopadhyay et al., supra . 

[0039] Theterms "APRIL" or"APRILpolypeptide M when used herein encompass "native sequence APRIL polypeptides" 
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and "APRIL variants". "APRIL" is a designation given to those polypeptides which are encoded by the nucleic acid 
molecules comprising the polynucleotide sequences shown in Figure 4 and variants thereof, nucleic acid molecules 
comprising the sequence shown in the Figure 4, and variants thereof as well as fragments of the above which have the 
biological activity of the native sequence APRIL. Variants of APRIL will preferably have at least 80%, more preferably, 
5 at least 90%, and even more preferably, at least 95% amino acid sequence identity with the native sequence APRiL 
polypeptide shown in Figure 4. A "native sequence"" APRIL polypeptide comprises a polypeptide having the same amino 
acid sequence as the corresponding APRIL polypeptide derived from nature. Such native sequence APRIL polypeptides 
can be isolated from nature or can be produced by recombinant and/or synthetic means. The term "native sequence 
APRIL polypeptide" specifically encompasses naturally-occurring truncated or secreted forms (e.g., an extracellular 

10 domain sequence), naturally-occurring variant fomns (e.g., alternatively spliced forms) and naturally-occurring allelic 
variants of the polypeptide. The term "APRiL" includes those polypeptides described in Hahne et al., J. Exp. Med. , 188 : 
1185-1190 (1998); GenBank Accession No. AF046888; WO 99/0051 8 published January 7. 1999, WO 99/12965 pub- 
lished March 1 8, 1 999; WO 99/33980 published July 8, 1 999; WO 97/33902 published September 1 8, 1 997; WO 99/1 1 791 
published March 11, 1999; EP 91 1,633 published March 28, 1999; and WO99/50416 published October 7, 1999. 

15 [0040] "Percent (%) amino acid sequence identity" with respect to the ligand or receptor polypeptide sequences 
identified herein is defined as the percentage of amino acid residues in a candidate sequence that are identical with the 
amino acid residues in such a ligand or receptor sequence identified herein, after aligning the sequences and introducing 
gaps, if necessary ;to achieve the maximum percentsequence identity, and not considering any conservative substitutions 
as part of the sequence identity. Alignment for purposes of determining percent amino acid sequence identity can be 

20 achieved in various ways that are within the skill in the art, for instance, using publicly available computer software such 
as BLAST. BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Those skilled in the art can determine appro- 
priate parameters for measuring alignment, including any algorithms needed to achieve maximal alignment over the full- 
length of the sequences being compared. For purposes herein, however, % amino acid sequence identity values are 
obtained as described below by using the sequence comparison computer program ALIGN-2, wherein the complete 

25 source code for the ALIGN-2 program is provided in the table below. The ALIGN-2 sequence comparison computer 
program was authored by Genentech, Inc. and the source code shown in the table below has been filed with user 
documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S. Copyright Reg- 
istration No. TXU510087. The ALIGN-2 program is publicly available through Genentech, Inc., South San Francisco, 
California or may be compiled from the source code provided in the table below. The ALIGN-2 program should be 

30 compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. Ail sequence comparison parameters are 
set by the ALIGN-2 program and do not vary. 
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TABLE - SOURCE CODE 
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15 



20 



25 



* C-C increased fowa 1 2 tq 15 

* Z is average of EQ 

* B is average of ND 

* match wfeh stop js M; stop-step » 0; J Oofeer) maftb — 0 
•/ 



30 



/• A 
/-A*/ 
/*B*/ 
f*C m f 
/* D */ 
/*E*/ 
A» F*/ 
/*G*/ 
/• H */ 
/•I*/ 
/*J*/ 
/■ K */ 
/-LV 
/• M"/ 
/" N */ 
O*/ 

rrv 

I* Q*7 

/-$ V 

/'TV 
/•XM/ 
/« V -7 
/*W*/ 
/-X-/ 
/■ Y •/ 
/*Z V 



8 /■ value of a asarch witfi a srop */ 

BCDEFGHIJKLMNDPQRSTUVWXYZ"/ 
{ 2, 0.-Z. 0, 0,-4. 1.-1,-1. 0.-I.-2.-I. 0.JM. 1. 0.-2. 1. 1. 0. 0.-6, 0,-3. 0>. 
* 0. 3,-4, 3. Z,-5. 0. I A 0, 0.-3,-2. 2, M,-l, I, 0, 0, 0, 0.-2,-5. 0,-3. I}. ' 
,2,JU5.-5 ,-5,-4,-3.-3.-2, 0 r 5,-6^5,-S,_M,-V5.-4, 0>-2, 0.-1.-8, 0, 0,-5}, 
0 T 3,-5, 4, 3.-$. I. l r 2, 0, 0.-4,-3, 2, M t -1. 2,-U 0, 0. 0,-2,-7, 
Q, 2,-5, 3. 4,-5. 0, 1,-2, 0, 0.-3,-2. 2.-1. 0, 0. 0,-2,-7. 0.-4, 3). 

-4.-5.-4.-6.-5. 9.-5.-2. i. 0,-5. 2. 0.-4, 14,-5.-5.-1.-3,-3. 0.-1. 0. 0, 7.-5}, 

1, 0 r 3, 1, 0,^5, 5.-2,-3, 0,-2,-4,-3. 0,JM.-l,-l,-3. 1. 0> 0.-1,-7, 0.-5, 0} t 
-1, 1,-3. I. 1.-2.-2. 6.-2, 0, 0.-2,-2, 2._M r 0. 3. 2.-L-K 0-2,-3. 0. 0. 2}, 
■1.-2,-2,-2, -2, 3,-3,-2, 5 f 0,-2 Y 2 r 2,-2^,-2.-2.-2,-1, 0, 0, 4.-5, 0,-1.-2}, 
0> 0, 0, 0. 0, 0, 0, 0. 0. 0, 0. 0, 0. 0. M, 0, 0. 0 ( 0, 0, 0, 0, 0, a 0, 0>, 
.1, 0.-5. 0. 0.-5.-2. 0.-2. 0. 5.-3. 0. l^M.-!, 1. 3. 0, 0, 0.-2.-3. 0.-4. 0>, 

2. -3,-6,-4,-3, 2,-4,-2. 2, 0,-3, 6. 4,-3, MX3.-2.-3.-3,-!, 0. 2,-2. 0.-1,-2}, 
-1.-2,-5.-3,-2, 0.-3-2, 2. 0, 0, 4, «,-2rM.-2,-l, 0,-2,-1, G, 2,-4, 0,-2.-1}. 
; 0, 2,-4, 2, 1,-4. 2.-2, 0, 1.-3,-2. 2.~M,-1. 1. 0, 1, 0, 0.-2.-4. 0.-2, I}, 

[_M._M, M. M. MJM._M. M, M._M,_M, M. M, M, 0,_M,J4, M.JML _M._M._M ,_M,_M} , 

~ l,.l.-3,-l.-lT-5^l. 0,-2. 0,-t,-3,£.-l, M> 6, 0, 0, I. 0, 0,-1,-6, 0,-5, 0}, 

0, 1-5, 2. 2,^,-1, 3,-2, 0, 1,-2,-1, ijM, 0, 4, 1.-1,-1, 0,-2,-5, 0.-4. 3}, 
-2. 0.4.-1,-1,-4,-3, 2,-2. 0. 3.-3. 0, 0,Jrf. 0 r 1, 6, 0,-1, 0,-2, 2. 0.-4, 0}. 

1. 0, 0. 0, 0,-3, 1,-1.-1. 0. 0,-3,-2. 1, M. 1,-1. 0. 2. 1. 0.-1,-2. 0.-3. 0}. 
1. 0,-Z, 0, 0,-3. 0.-J. 0, 0. 0.-1,-1, O.^M. 0-1,-1. 1, 3, 0, 0,-5, 0,-3, D}, 
0. 0, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0. 0, M, 0, 0. 0. 0, 0. 0, 0, 0, 0, 0, 0} f 
0,-2,-2,-2,-2,-1,-1,-2, 4, 0,-2. 2, 2.<_M,-l,-2,-2,-l, 0, 3, 4,-6„ 0,*2,-2}. 

>*.-5,.a t -V7, 0,-7,-3,-5. 0,-3,-2.-4.-4, M,*€,-5. 2.-2.-5, 0,-6,17, 0, 0.-6} f 

0, 0. 0. 0. 0. 0. O. O. 0, 0, 0, 0. 0. 0 T M. 0„ 0. 0. 0, 0, 0, 0. 0. 0. 0, 0}. 
-3.-3. 0,-4.-4. 7.-5. 0.-1. Q, -4.- 1. -2. -£_M. -5,-4, -4.-3.-3. 0,-2. Q. O.I0.-4}. 

0 T 1.-5. 2, 3.-5, 0, 2,-2, 0. 0.-2,-1, I, M, 0, 3, 0. 0. 0, 0.-2,-6, 0,-4, 4} 
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Conclude <£idio,h> 
Jindude <:crype.h> 



Ideflne 


MAXJMP 


16 


^define 


MAXGAP 


24 


fdeEue 


IMPS 


1024 


Adeline 


MX 




fdeflne 


DMAT 


3 


Adeline 


DM15 


0 




DIN50 


S 


#d«ftae 


DINS I 


1 


f define 


roiso 


B 




PJNSI 


4 



/• ma* jumps to a diag */ 

/• doa'c continue to pejialfcre gaps larger than this */ 
/■ max imps in an path •/ 

/* save if there's at lorer MX- 1 basci siooc last jmp */ 

/* value of matching bases */ 

I* penilcy for mismatched bases ■/ 

/* penalty for a gap */ 

/■ penalty per base m l 

/• penalty fbr a gap ■/ 

/■ penalty per residue */ 



struct jmp { 

short nfMAXJMF]; * /* size oF jmp (neg for dely) •/ 

unsigned Ghort xJMAJCJMP]; /" base no, of jmp in S«q X */ 

); f+ \inu& seq ra2"J6 -1 */ 

struct diag {• 

int score; /■ score at last Jmp ■/ 

tang cfiset; /* of&eC of pcev fclocfc m f 

eh art Urop; cuircot jmp index •/ 

rtrwa |mp jp; /* list of jmp* t 

}; 

cirnct path { 

Snt *pc; /■ number of leading apnea */ 

short dEJMPS];/* sfcfl af jmp Cpap) 

Cat xJJMFS):/* lac of jmp (last elem before gap) *t 

}; 

enar "ofite; /" output file name */ 

char •nHmex[23: /• seq nam«: perseqxQ •/ 

char *p* a R; '* prag Mine for err m*gs •/ 

char •«e«pC21t A* seip: geBe<p<) */ 

int dm%x; /• best dieg; nwO •/ 

in! djnflPcO; /• Gittl dhfc */ 

bit dna; /• set if dm: mainO V 

inl epdgaps; /" set if penalizing end gaps ■/ 

Int gafix, ppy; /• tool gaps in seqp */ 

mt ltuiO, lenl ; /* acq taw "/ 

lot ngapx. ngapy. /" wal size of gtps m f 

Int jmai: /* iwut score: «wQ •/ 

lm "xbm; /* bitmap frr matching "/ 

gang offset; /* current offcet In jmp file •/ 

Strvdr diag "dx; /* hold* diagonals 

struct path ppEZl; /* holds path fbr seqs 

char *ealtocO. *mattocO, *inde*0, •ssrcpyO; 

char *gel«eqQ, *g;jcHl1ocO; 
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/* Neecfiemsa-Wuiifich alignment program 
* 

* visage: pregS file I file2 

* Thiers filel ami fil&Z. arc two dna or two protein sequences. 

* The sequences can be in upper- or tower-caw an may contain ambiguity 

* Any lines beginning wf ib *;\ or are ignored 

* Max file length is 65535 (limited by unsigned than x in (he jrop scruci) 

* A. sequence nith 1/3 or mors of its elements ACOTU is assumed w be DNA 
■ Output is in the 51s "align, our 

* The program mxy create a tmp file m /imp Co hold iufo about iraceback. 

* Original version developed under &SD 4.3 on a vax 8650 
m f 

#indude "nw.h" 
flnclod* May.h* 

static (ftv a ir26J - { 
15 1.14,2.13-0.0,4.11.0.0,12,0*3.15,0.0,0.5,6,8,8.7^.0,10,0 
}: 

static jAvaipS] «= { 

1, 2|<1< <CD'- , A'»L(i < cON'-'A')), 4, fl t 16. 32 r S4. 
12B, 256. OxFFFFFFF, I<O0 % L<<U, I<<12, 1<<13, 1<;<;I4, 
I<<15. 1< CIS, i< <17> K<lS t 1<<19. 1< <20. !<<2l, 1<<22, 
20 1<<23, 1<<24, l<<25|Cl<<:( , E , -'A , ))|(l<<:('q , ."A*» 

mair^ir, av) main 
Snt ac; 
char "av[ ]; 

25 ( 

pmg — av[0}; 
lf(acl« 3>{ 

Ijpriniffcttett/ugige: %sfilrl fileSta", prog): 

t£rint^sidw*r."wliere file! and HIcZ are two cio* or two protein «equeaoes_\tO; 
fjprlntRjsrderr. Ttie sequences cua b« hi upper- or Lovsr-cuBVa*); 
fjprintrXstderr/Any lines beginning with Y or * < ' are ignoiedVri')* 
30 IfcrlEEfCscter, * Output is in the file, Valijm,cur\ "\b."); 

} 

MfQiexCO] — av[lj; 
nomex[l] — av[2],* 
seqx£0I » getseqCiiamexCQ}. <fclenO): 

35 icbm — Wn&y* dbval : jibval; 

endgaps ~ 0; /* I to penalize endgaps */ 

ofile =a "align, out"; f* output ffle ■/ 

n^0; /* fill in' the muri^^d the possible jrxips •/ 

rcadjmpjiO; /* ger the actual jrap* */ 

40 printO; /* prlni sews, alignment */ 

cleanup CO); /* unlink any imp files ■/ 



45 



50 



55 



12 



fcP 1 bbb Ui>i£ Al 



id - xx-yy + icnl - i: 

U (mis > = delx &A mis > = delyfyyj) 

colltyy] ■» mis; 
eke ir (delx > =» ddyfyy]) { 

eoU[yy] «- deli; 

ij = dx[id}.ijn«>; 

If (dxtWJ.jp.nfOf) Cldna J | (ndelx > « MA7CJMP 

&&xx > dx£idl jp.;M?j]+MX) 1 1 mis > «K[idl jbwb+DIHSO)) { 

d*CidJ.jjrnp++; 

if > <=» MAX/MP) { 

ij = dxtWJ.grap = 0: 
dx[ii].of&e£ = effect; 

offetl + * atiwrfCslitict jtnp) + *feeo«(of&e»h 

} 

} 

d*[ld>.jp.*[ij] - xxt 
dx[id).£eorc ='dstx: 

else { 

coH[yyJ - daly&y]; 

U m dk[H].ijiflp; 

1 U WP !&& > dtfid] j P .*£lj]+MX) 1 1 ml* > dadWJ jbw+DINSD)) { 

tf (4>*ii > - MAXJMT? { 

ij = dx{ld].Ump » 0; 

offeet -+ *• atx«K>truc* jmp) + sfewHofiEBt); 

3 

dxadJJp-niul 5=5 -n^WCyy); 

dx(id] .score — delyfyy]; 

} 

IT » * l«flQ yy < knl) { 
/■ liWt COl 

•/ 

call[yyl — iasO+insl*(lflnl-yy); 
If (col3[yy] > suwkH 

snitt - co||[yy]; 
rfmzx « id; 

> 

if (end gap 5 xx < let£) 

If <cpll[yy-l] > 3m«x> { 

smax = collfcyy-lj: 
dmax ^ id; 

Jup - oolO; colO — coU; call tmp; 

} 

(void) fcee((ehar *)fldejy); 

(▼old) fres<(dtier ">icly); 

(Told) Awe((chflt ")eoI0); 

(void) f3reeC(ebar "^U); > 



it 

■ printO only r<mtinft visible outside this module 

5 * 

* static; 

* EctmncO — trace back be« path, count mstctjss: prtruO 

* pr allgnO - print alignment of described In array p[ ); prtftfO 

* dumpblockQ ~ (lump a block oflfoss wiUi nmnber*, stars: jrfjUigfiO 
41 numsO — put out a number line; dmnpbloc&O 

* purlineO — put out a line (name, [mimj, seq, faumj): dumpblocfcO 
*° » fioraO - -put a line of stats; aumpbloekQ 

* stripnarneO — scrip any path and prefix from a peqaame 
*/ 

ftodude m Kw.h m 

15 #<fefli]e SPC 3 

Ide&nc PJ.INE Z5fi /* maximum output line V 

IdeXXne 3P"$PC 3 A* space between name or num and eeq. */ 

ortem jtaypfi][26]; 

Int olen; set output Ihw length */ 

FILE fx; /" output file */ 



prifllQ 
i 



print 

ml Ix. ly, fitfiigap, lastgip: f" Ovcxiap */ 



25 



30 



£T((& = fcpea(ottlB ( 0) { 

iprintf<£»lcrr,"5Es: can't write %aui*. prng. ofile): 
cleanup^!?; 

fprintflCfM,, "<fix*tseqccn=e; %g (length « *4)\n\ »am«[0I. IcflO); 

tprinrfriX. *<5ecoatJ sequence: *s * %d)\n\ tomerf!], tenO; 

Olen = 60; 
U =s lenO; 
ly « lenl; 

flttigsp — lasrgap - 0; 
if (emax < leni - I) { /• leading gap in x V 
pp[Q].Spc fire [gap » leal - <teu« - I; 

else if (dma* > leal - I) { /* I«*4inR gap ia y *V 
pp£l].ipc » ffrstgap a dmax - (leal - 1); 

^ ix-=ppCl].spc; 

if (dxnaxO < IcjtO - D { /* nraiJing &ap in x "/ 
laecgap = lenO - dmaxO -1; 
Ir lastgap; 

ebe if (dxnaxO > lent) - 1> { /• trailing gap m y */ 
las! gap *» dtraxO - OcnO - I); 
ly Jastgap; 

geimit(lK* ly, Brstgap, lastgtp); 
pr.alignD; 
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/* (Jo the alignment, remm best score: mataO 

* ta; values mFiJc&amJ Smith, FNAS. 80, 1382-1336, 1983 

* pro: PAM 250 *alue* 

* When scores are equaL wc prefer misniarchfis lo any gap, prefer 
■ a nev gap to extendi^ m «flgoing gap, &nd prefer ft gap in seqx 

* lo a pap In acq y. 

•/ 

( 

/* seqs and pas ■/ 

1Q im -noiay, -oc*y; /* keep tract of dciy */ 

" ' /• keep IttSJcof tidx •/ 

/" For capping twQ, rowl •/ 
/* score for each type */ 
/* icscriion penalties •/ 
/» diagonal into */ 
/* jmp index */ 

15 register *coI0. *cofl; /* secre fbrcurr, law row */ 

/* index into acqs */ 

d* ■« Celnicl drag •)gjcaDoe(;"wi get <Uagfi\ ldUQ+lenl + l, ttr^or^tlruct <fiag)); 

cutely - (fart «)g^caIlocC - to gel ndely\ lenl+U efaorJl^lnO); 
dely = (inl "Jg^callocCio gci <lely*. leul-t-l, sizmrfTlitf)); 
20 colO - (tat •)gCcillocC"ra get coID\ lent + 1. isk»fChjt)); 

. co| t * (int ■2SL«lU»c( B to get call ' , I«d J +■ 1, rizcDft ti&Q); 
insO ~ (dna)? DIN 50 : PIN50; 
insl « (<foa}7 DINS I : P1NSI; 

smax ■= -10000; 
if(endsaps){ 

25 for (co40[0] - dclyfO] - -iiwO.yy - 1, yy <-» leni: yy++) { 

ccI0[yy] = ddyby] - coKfe-l) - InsI; 
mfcfytyyj = yy; 

) 

colO[0j - Oi /• Waterman Bull Malh Biol 84 •/ 



30 



40 



char 


•p*, "py; 


fnt 


•ndsly, *de|y; 


Int 


ndelx, deSx; 


tm 




inl 


mu; 


inl 


insO, insl; 




Id; 


register 


y; 


register 




register 


**. yy; 



> 

else 



Tor (yy = I; yy <:= lecl; yy++) 
dely{yyj = -insO; 



fill in matcti matrix 

»/ 

for Cp* 01 seqxpj], ** « I; < « lenO; p*++, ut-f +) { 
'* initialize first entry in col 
•/ 

IT (radgnj»5) { 

IT(« == I) 

coli(0] «» drix = -(InsO+inSl); 

olsa 

coll[03 - ddbs « coiOtO] - insl; 
wleix = xx: 



> 



co)l(DJ « 0; 

cleix - -insO; 
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25 



Hur{py « saqxTH. yy = 1: yy < = lent; py++. yy-*- + > { 
mU - coIOfyy-11: 
iT(ctia) 

else 

mis + » jtoyTfcw-" A'K"py-' A 1 ]: 

/■ update penalty for <tei in * 3cq; 
" favor new Act over ongong del 
* ignore MAXGAP if vejghrfeg endgaps 

iT(endgtt£5 1 1 wdelytyy] < MAXQAP) < • 
if <colO[yy] - iosO > - ddyfyyD { 

delyryy} ~ cplO[yy] - (incO+tasl): 
wJcly[y>] = I: 

«3ely[yy] ~" 

> 



3 



If (coIOfyy] - (iasO+insL) > - ddy[yyj> { 
dcly[yyj - calO|>y}- (insO+insl); 

>efce 

ftdely|yy1++; 



/* update pznaUy for del in y &q; 
" tavor new del over ongoog del 
•/ 

Cf (endgaps 1 1 wlcl* < MAXOAP) { 

ir(eell[yy.l]-insO >= deb) ( 

del* « coUEyy-lJ -(insO+insI): 
ndei* 1; 

} else ( 

del* -= msl; 

30 ndalx++: 



if (coUlyy-U - (awO-t-im!) > - ddx) { 
dcU = ccllCyy l) - CinsO+iml); 
ndeix = 1; 

} G * 5a 



/* pick the maximum score; we're fivoring 
• mis over any del and aelx over dely 
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/* 

* (race back the best path, count raareta 
*/ 

static 

£«maias, ty. Rrstgap, lasigap) getmat 
mt l)c t |y; /" "core' (minus endgaps) V 

Int firstgap, lastgapi /• leading (railing overfap *i 

i 

tat nm, iO r il, rixO, flirt ; 

double pet; 
register nO. »1; 

register char *pO» *pl: 

/* get tonal marches, score 

*; 

iO ~ il = sizO — sizl " 0; 
pO = scqs[0] + pp(l],spc; 
pi rttqxlU + ppLOj.spc; 
nO *»pp[l].upc + 1: 
nl = ppP>].6pc + 1: 



tun «a 0; 

2Q wbUeCpO&A *pl){ 

pl + +; 
nl + -t»: 

sizO— ; 

> 

else If (sir!) { 

25 

sizl-; 



} 



35 



if (xbraC*pO-'A , >fe*inC-pl. , A , ]> 
imi+ + : 

sizO — pp[01.n[© +-*-]; 
if(aH-+ «~ prflJ.Kpll) 

sbl - pp[I).a[il -I-4-): 

pO+ + ; 
pi + + ; 



/* pec homology; 

* if penalizing emlgaps T base is the uhnner seq 
■ e!«e, knock off overhangs and take Eftort«r core 
*/ 

if (endgaps) 

lx — QecO < 1«1>? lenO : Ic&l ; 

tat = <ix < ly)7 Ir : ly; 
pot = 1 00.* (doabiE)nni/Cdou We)| x; 
fprinrf(f*. m \n m ); 

frfinrf(fx, " < %tf maceb&s in an overlap of %0z % .2f percent similarityW 1 , 
ran, (nm ~ - 1>? *" ; "es r , lx, pee); 
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QwimGCf*, ' <:gaps in first sequence: &d\ psrpx): ...gefinat 

ogapx. (doa)7 T*asa" ^residue", (tigap* « I)? " rt :"s r ): 
fpriQtfiC&c/S&s - , out*); 

fprintf(at. gaps in second sequence: gapy); 

(VoW) sprlntf(cutt> " C%<* *s%s)\ 
*° ngapy, <dna)7 "baseVrwidua*, (ngapy 1)7 M :'s~); 

4>rinlf(fic a ~#5" v ouix); 



25 



} 

tf(dna) 



else 



fprinrf(Ce, 

"\n< score: %& (match » S&d. raismaich =» %d. gap penalty - ^d + %dpsrbase)Vn\ 
jc, DMAT, DMIS, PIN50. DItfSl}; 



fprlniftfx, 

nn<K»re: 55d (Dayboff PAM 250 matrix, gap penally « £d -J- %aper realdue)Vn 
smas. PINSO, PINS I); 
If (endgaps) 

20 " < endgaps penalized. Lefl endgap: %d fcs%«> right wdgqp: $d X&Bs\a', 

Ontgap. Cdna)? "base" ; Vendue", (firstgap -«= 1)7 - : r s\ 
lastgap. (dna)? "bise* : * residue", (Inswap ==!>?■■; V); 



else 



1 



fprinlflfc, ■<eadgapfiimtpenalKCd\fi*}: 



ctatic ma; /* matches in core - for checking •/ 

static irns*: /* lengths of snipped Ele names */ 

saute ijP); /* Jmp index fbr a pain */ 

static rc[2]; /* number at start of etirreal line *"/ 

static ni[2]: /* current ejem number - for gapping V 

static sue£Z}: 

static dwr *ps[2J: /■ ptr to current dement V 

30 static cisar "p°P]: /* ptr to next output char slot "/ 

static char ou^JflPJ^lNEJ; /* ©urpui line */ 

static char siarfPUNE); /* sci by ettrsO 

/■ 

■ print alignment of described in a cruet pith pp[ 1 
•/ 

55 static 

int iin: /■ char count ■/ 

int more; 
register i; 

40 

for (i = 0, imax = 0; 1< 2; i + +) { 
nn — rtriprLanie^nimexriJ); 
if (an > fffi&X) 

I max — nn: 

nC{i] m 1; , 

45 nipj = 1: 

siaHl - urn = o; 

PS[i] = ««plil; 

po[iJ = oal[iJ; ) 
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for (rm = ran = 0, more - 1; more; ) < ---prjrfign 
^ fcr (i - more « 0; i <2; { 

* do we have more of this sequence? 
continue; 

10 more++: 

if (pp&l -spc) ( /* leading spaca */ 
pp[i].spe-; 

> 

e&e if (sizQ]} { f m in a gap ■/ 

eU« ( /" we're putting o swj "element 

V 

Iff (Wowe^-psrO)) 

*ps[i] = toappei<*ps[iD; 

pstil++: 
/* 

" are we at next gap for (bis acq? 
-7 

IT (aim — PPBLrfuCilD { 
/- 

" we neetj to r**era e *H gaps 
* at this location 

sizpj = pp[g.nHJ0J + +J: 

> 

> 

if (4-+nn == oteo j | Imore &&. ao) { 
rfumpblockO; 
ftrCi =0: i <2: i + 
potfj - ouqfl; 

} 



25 



30 



40 



45 



> 
/* 

* damp a blocK of lines, including numbers, scan: pr_align() 
*/ 

static 

dumpbiocfcO " dampblocfc 

i 

rector i; 

ferCi o0;i<2; , 



50 



55 



19 



BNSDOCID: <EP 1666052A1_!_> 



tKl bbb UJ)Z AT 



(vQid}|^It£:( , \Il , , 

if C*aut[fJ <-out[i] !> ' ' | J *<jpoEil> J« 1 ')> { 

tf a -= o) 

nurns(i); 
if(i - =0A& *o«t[l]) 

U(i = = I) 



} 



> 



.dumpblock 



75 



* pnl out a number tine: dusnpblocfcQ 
*/ 

static 

int ix; /* index; in cut[ ] holding seq line "/ 



ninns 



20 



30 



35 



register 
register chur 



niineflMUNEJ; 

"pflf *p*r *py; 



rbr (pn a» nlina, i s= Oj i < linax-i-P_S PC: i + + , pn++) 
"pa » ' *j 

tf(*py — " II *-> 



else ( 



if (i% 10 == 0 1 1 (i = = i AufenC[i*] D){ 

j - (i < 0)7 -i : I; 

tor (p*. = pK, j; j 10, pi;—) 
»f« = ]SJ0 + '0'; 



> 
else 



> 



> 

for (pn *• nlina; ^in; pn+ 4*) 
(void) ptite(*pn ( ft); 
(voir*) puIo^Vn 1 r fr); 



45 



* put out a line Coanse. [oum]. seq, [nuraj); dumpblockO 
•/ 

static 

int Ix; { 



putltne 
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25 



30 



35 



...putline 

int i: 
register char *px; 

For (px <= Ti3m=*[ii], i — 0; 'px && "jnt !«= px+-K 

(▼aid) pt*tcC*px, 60; 
TorC; i < lmsi+P_SPC; *++) 

(wid) puic(* \ fit); 

/* ctiftsa count from I: 
* ni{ J is current dement (from 1) 
■ nc[ ] ii number fir tteax cf curreac line 
■/ 

rbr (px b- ow[U}: "px; px-t-4-) 

(void) pt|tc(*pxi0x7F 4 ft); 
(void) pntc('\n\ fit); 



■ piw a liftfi of start (seitf always in mufO). om {!]): durapblockQ 
*/ 

static 

starsQ Stars 



bit j; 

register cbar *pG, *pl. •px; 

lr(!-out[D] 1 1 CootfO] -Qwp)]) ==")!{ 

I'nulflJ I I (•ouifl] *Cpo(i]> ■=«' )) 

return; 
px - star; 

for(i = Imax+PJSFC; i: i~) 
•px++ ' 

Ebr(pO - ouT{0], pi - ou([l]; *p<J "pi; p0++, pi 4-+) { 
ir (iaaiphaCW «&fc isalpha(*pl)) { 

mo-f +; 

) 

dself (ldna&A_dajl*pO- ,, A , ][*pl--A7 > 0) 

Cx - \ T ; 

else 

> 

else 

cx =~ * *; 
*px++ — eje; 

} 

*px = 'VO*; 



45 m strip path or prefix from pa, return lea: pr aitgnO 

■V 

sUltc 

sixipoameCpn) strlpname 

ctwr *pn: /* file pams (may I* path) *A 

{ 

50 rcgEtsr diar ■p« r *py? 

py = 0; . 
for Cpx ■ pn; *px; px+ 

py ~ p* 4- 1; 

if to) 

55 (void) £trcpy<pn, py); 

raurn(5irlen(pa)): 
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4 cleaoupO — cleanup any anp file 

K g«se<jO — read in seq, ser dna t lea, nsaxien 

■ g_C5llocO - callpcO wtft error chacfcui 

* roKgrapsQ -set die goad jmps, from imp OIe If necessary 

« writfjmpxO - write a filled array of jmps w a cmp file: n»0 

*y 

findude "ft^.h" 

char "jname « vtmp/homgXXXXXX-; /» tmp file far jinps *7 

tat dcanupO ; '* c,esn,3 P ^ fflB 

long lifiekO; 

/* 

* remove any trap file if wc blow 

int i; 

{ 

(void) uflJlrJcO'name); 

} 



* read, rerorn prr oo seq, ser dm, fen, max! en 
*skxp lines Slaxiing wirh ';\ '<', or 

• seq in upper or lower caac 
25 -/ 

rhnr • 

£ecseq(fjl«, lea) 

char "file; /• file name V 
int nen; /« saq ten V 



getscq 



char lineflOW], *p«eq; 

register dvar *J>x, "fey: 

bit "aiflc, tfen; 

FILE *fp; . 

if «f> = fo^fiic'r")) = = 0)< 

4>rintfUiderr."%s: can't read 3&s\n\ prog, file}; 
^ ex&O): 

> 

den «■ nacgc - 0: 

<vbUc (fjctsaine t 1024, ip)) { 

if (-lias ';' || -line *<' || "line =" ">') 

corttfnae; 
for Cpx • lice; *p* !~ '\n'; px+ 
40 if (isuppet<*px) 1 1 isfcwer(*p:0) 

rfen+ + ; 

ir ((pseq « roallac(Cuna^ed)(rlen+6J)) 0) { 

fr*inrf(stderr« B *j: mailed) failed w gee fcd bytes for %s\n\ prog, tlen+6, filcj; 

45 p«q[01 «• pseqfll - pseqfZ] - pesq[3] - 
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20 



25 



35 



py « PK«J + 4; 
■lea - ilea; 

re wind (fp); 

o-bileCfEEtsaine, 1024, %)) { 

if (nine = « V 1 1 ninft '< l \\ *linc « 
continue; 

for (px = line; *p* 1= 'Vn'; pa++) ( 
*py 

else [f (ijlowsa<*p)0) 

ir Gn(feic<" ATOCU" , -(py- 1 ))) 

} 

} 

*py = -VD'; 

Cvold) fdaseCfp); 

doa - natgc > (dcn/3); 



char * 

^callocCms^, nx, sz) g calloc 

cfwc Tmsg; program, calling r amine ■/ 

inl nx. at: /• number and size af element V 

{ 

char "px, •caliac<); 

If ttn&&i 

fprmtf^Mwr. "5&s: g^callocO frfled Cn=%a. sz- 55d)\fl - , prog, msfi, at, =0: 

> 

} 

retumtjpK); 

} 
/* 

* get final jmps from d*[ ] or crap file, sec pp[ reset dnux: mahiO 
*/ * 

cea4impB0 rea«0inps 

{ 

iot H ~ -I; 

int sir, £0, il: 

register I. J. xa; 

40 Cn?Wt) fclose(ff)' 

ir«« « apenGftfme. OJRPONLY, 0» < 0) ( 

QirbrfCxtderri can't openQ $sV, prejj, jpame); 
deanupCi); 

) 

for (i « iO a \i ss 0, dma*0 cb draax, xx « JenO; ; t++) { 
45 while (1) { 

for (i = d*[dmax).ijmp; j > = 0&& OKfdniiUi] jp-MjJ > = xx; j-) 
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if (j < 0 dx£dmMj.o£&ei { 

(void) ls«k(ftJ. <Sx£dmax] .often. 0); 
(void} raadflU. (cfwr *)&dx(dnisxj-jp. MseafCstnKt jmp»; 
5 (vote) reidCH, (cfcar «)&dbt[drafl*]-o/&et, sisteafCdx[(hnBx].of&a03; 

dx[dmaE)Jjn$ - MAXJMP-1: 

} 

break; 

> 

10 lfO>«JMPS){ 

fprinrfiCsiderr, *%s: too many in aligEmecAn", prog); 
cieaonpO); 

} 

ir a >*o>{ 

xx - dx(dmaxl-jp.xlfl; 
r5 drnax siz; 

iT Csiz < 0) ( /* gap la second ecq */ 

ppHJ-cfii] - -siz; 

X* + as 

/* id ~ a* - yy + leal - 1 
■/ 

PPUMCN] = *X- dmuc + lent - I; 
20 gapy++; 

n^apy -» siz; 
/■ ignore MAXOAP wfiea doing endgaps ■/ 

sis = (-siz < MAXGAF 1 1 endpip:}7 -sk : MAXGAP; 

> 

«±se if (si* > 0) { /*&tpm firal seq */ 
25 Ppl0].a(i0] = Biz; 

gnpx+-f ; 
O02px + =* siz; 
/* ignore MAXGAF when doing end£sps ■/ 

sat = (siz <; MAXGAP 1 J endgapaO? sir : MAXGAP; 

»++: 

> 

eke 

break; 

} 

/" reverse tbfi order of jmps 

35 •/ 

for (| jO-; j < iO; j+ + ( iO-) { 
} 

ftjrCi =» 0. < iH( 

4 - PPtU-nfl); ppf UjiUI - ppnj.nOU: ppW-flflU - l: 
40 i = pp[iJ-*DJ: PPCU-tD - vpPI-xPU; ppruxtm - i; 

if (Si 7» = 0) 

(void) closeCfd); 
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[0041] For purposes herein, the % amino acid sequence identity of a given amino acid sequence A.to, with, or against 
a given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A that has or 
comprises a certain % amino acid sequence identity to, with, or against a given amino acid sequence D) is calculated 
as= follows: 



100 times the fraction X/¥ 



where X is the number of amino acid residues scored as identical matches by the sequence alignment program ALIGN- 
2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It will be appreciated 
that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the % amino acid 
sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As examples of % amino acid 
sequence identity calculations, Figures 5A-5B demonstrate how to calculate the % amino acid sequence identity of the 
amino acid sequence designated "Comparison Protein" to the amino acid sequence designated "PRO". 
[0042] Unless specifically stated otherwise, all % amino acid sequence identity values used herein are obtained as 
described above using the ALIGN-2 sequence comparison computer program. However, % amino acid sequence identity 
may also be determined using the sequence comparison program NCBI-BLAST2 (Altschul et al., Nucleic Acids Res. 
25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be downloaded from the NCBI internet 
web site. NCBI-BLAST2 uses several search parameters, wherein all of those search parameters are set to default 
values including, for example, unmask = yes, strand = all, expected occurrences = 10, minimum low complexity length 
= 15/5, multi-pass e-value = 0.01, constant for multi-pass = 25, dropoff for final gapped alignment = 25 and scoring 
matrix = BLOSUM62. 

[0043] In situations where NCBI-BLAST2 is employed for amino acid sequence comparisons, the % amino acid se- 
quence identity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which can 
alternatively be phrased as a given amino acid sequence A that has or comprises a certain % amino acid sequence 
identity to, with, or against a given amino acid sequence B) is calculated as follows; 



100 times- the fraction X/Y 



where X is the number of amino acid residues scored as identical matches by the sequence alignment program NCBI- 
BLAST2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It will be 
appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the 
% amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. 
[0044] The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising a polypeptide fused 
to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope against which an antibody can 
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be made. The tag polypeptide preferably also is fairly unique so that the antibody does not substantially cross-react with 
other epitopes. Suitable tag polypeptides generally have at least six amino acid residues and usually between about 8 
and 50 amino acid residues (preferably, between about 10 and 20 amino acid residues). 

[0045] As used herein, the term "immunoadhesin" designates antibody-like molecules which combine the binding 
5 specificity of a heterologous protein (an "adhesin"! with the effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesirts comprise a fusion of an amino acid sequence with the desired binding specificity which 
is other than the antigen recognition and binding site of an antibody (i.e., is "heterologous"), and an immunoglobulin 
constant domain sequence. The adhesin part of an immunoadhesin molecule typically is a contiguous amino acid 
sequence comprising at least the binding site of a receptor or a ligand. The immunoglobulin constant domain sequence 
io in the immunoadhesin may be obtained from any immunoglobulin, such as lgG-1 , lgG-2, lgG-3, or lgG-4 subtypes, IgA 
(including lgA-1 and lgA-2), IgE, IgD or IgM. 

[0046] The term "antagonist" is used in the broadest sense, and includes any molecule that partially or fully blocks, 
inhibits, or neutralizes one or more biological activities of TALL-1 polypeptide, APRIL polypeptide, or both TALL-1 and 
APRIL, in vitro, in situ, or in vivo. Examples of such biological activities of TALL-1 and APRIL polypeptides include 

15 binding of TALL-1 or APRIL to TACI or BCMA, activation of NF-KB and activation of proliferation and of Ig secretion by 
B cells, immune-related conditions such as rheumatoid arthritis, as well as those further reported in the literature. An 
antagonist may function in a direct or indirect manner. For instance, the antagonist may function to partially or fully block, 
inhibit or neutralize one or more biological activities of TALL-1 polypeptide, APRIL polypeptide, or both TALL-1 and 
APRIL, in vitro, in situ, or in vivo as a result of its direct binding to TALL-1 , APRIL, TACI or BCMA. The antagonist may 

20 also function indirectly to partially or fully block, inhibit or neutralize one or more bio logical activities of TALL-1 polypeptide, 
APRIL polypeptide, or both TALL-1 and APRIL, in vitro, in situ, or in vivo as a result of, e.g., blocking or inhibiting another 
effector molecule. The antagonist molecule may comprise a "dual" antagonist activity wherein the molecule is capable 
of partially or fully blocking, inhibiting or neutralizing a biological activity of both TALL-1 and APRIL. 
[0047] The term "agonist" is used in the broadest sense, and includes any molecule that partially or fully enhances, 

25 stimulates or activates one or more biological activities of TACI polypeptide, BCMA polypeptide, or both TACI and BCMA, 
in vitro, in situ, or in vivo, Examples of such biological activities of TACI and BCMA include activation of NF-KB, induction 
of immunoglobulin production and secretion, and cell proliferation, as well as those further reported in the literature. An 
agonist may function in a direct or indirect manner. For instance, the agonist may function to partially or fully enhance, 
stimulate or activate one or more biological activities of TACI polypeptide, BCMA polypeptide, or both TACI and BCMA, 

30 in vitro, in situ, or in vivo as a result of its direct binding to TACI or BCMA, which causes receptor activation or signal 
transduction. The agonist may also function indirectly to partially or fully enhance, stimulate or activate one or more 
biological activities of TACI polypeptide, BCMA polypeptide, or both TACI and BCMA, in vitro, in situ, or in vivo as a 
result of, e.g., stimulating another effector molecule which then causes TACI or BCMA receptor activation or signal 
transduction. It is contemplated that an agonist may act as an enhancer molecule which functions indirectly to enhance 

35 or increase TACI or BCMA activation or activity. For instance, the agonist may enhance activity of endogenous TALL- 
1 or APRIL in a mammal. This could be accomplished, for example, by pre-complexing TACI or BCMA or by stabilizing 
complexes of the respective ligand with the TACI or BCMA receptor (such as stabilizing native complex formed between 
TALL-1 and TACI or APRIL and TACI). 

[0048] The term "TALL-1 antagonist" or "APRIL antagonist" refers to any molecule that partially or fully blocks, inhibits, 

40 or neutralizes a biological activity of TALL-1 or APRIL, respectively, or both TALL-1 and APRIL, and include, but are not 
limited to, soluble forms of TACI receptor or BCMA receptor such as an extracellular domain sequence ofTACI or BCMA, 
TACI receptorimmunoadhesins, BCMA receptor immunoadhesins, TACI receptor fusion proteins, BCMA receptor fusion 
proteins, covalently modified forms of TACI receptor, covalently modified forms of BCMA receptor, TACI variants, BCMA 
variants, TACI receptor antibodies, BCMA receptor antibodies, TALL-1 antibodies, and APRIL antibodies. To determine 

45 whether a TALL-1 antagonist molecule partially or fully blocks, inhibits or neutralizes a biological activity of TALL-1 or 
APRIL, assays may be conducted to assess the effect(s) of the antagonist molecule on, for example, binding of TALL- 
1 or APRIL to TACI or to BCMA, or NF-KB activation by the respective ligand, Such assays may be conducted in known 
in vitroor in vivo assay formats, for instance, in cells expressing BCMA and/or TACI. Preferably, the TALL-1 antagonist 
employed in the methods described herein will be capable of blocking or neutralizing at least one type of TALL-1 activity, 

so which may optionally be determined in assays such as described herein. To determine whether an APRIL antagonist 
molecule partially or fully blocks, inhibits or neutralizes a biological activity of TALL-1 or APRIL, assays may be conducted 
to assess the effect(s) of the antagonist molecule on, for example, binding of TALL-1 or APRIL to TACI or to BCMA, or 
NF-KB activation by the ligand. Such assays may be conducted in known in vitro or in vivo formats, for instance, using 
cells transfected with TACI or BCMA (or both TACI and BCKA) (preferably transfected at relatively low levels). Preferably, 

55 the APRIL antagonist employed in the methods described herein will be capable of blocking or neutralizing at least one 
type of APRIL activity, which may optionally be determined in a binding assay or an IgM-production assay. Optionally, 
a TALL-1 antagonist or APRIL antagonist will be capable of reducing or inhibiting binding of either TALL-1 or APRIL (or 
both TALL-1 and APRIL) to TACI or to BCMA by at least 50%, preferably, by at least 90%, more preferably by at least 
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99%, and most preferably, by 1 00%, as compared to a negative control molecule, in a binding assay. In one embodiment, 
the TALL-1 antagonist or APRIL antagonist will comprise antibodies which will competitively inhibit the binding of another 
iigand or antibody to TACI or BCMA. Methods for determining antibody specificity and affinity by competitive inhibition 
are known in the art [see, e.g., Hariow et al., Antibodies:A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
5 Cold Spring Harbor, NY (1998); Colligan et a!., Current Protocols in Immunology , Green Publishing Assoc., NY (1992; 
1993); Muller, Meth. Enzym. , 92:589-601 (1963). 

[0049] The term "TACI agonist" or "BCMA agonist" refers to any molecule that partially or fully enhances, stimulates 
or activates a biological activity of TACI or BCMA, respectively, of both TACI and BCMA, and include, but are not limited 
to, anti-TACl receptor antibodies and anti-BCMA receptor antibodies. To determine whether a TACI agonist molecule 

10 partially or fully enhances, stimulates, or activates a biological activity of TACI or BCMA, assays may be conducted to 
assess the effect(s) of the agonist molecule on, for example, PBLs or TACI or BCMA-transfected cells. Such assays 
may be conducted in known in vitro or in vivo assay, formats. Preferably, the TACI agonist employed in the methods 
described herein will be capable of enhancing or activating at least one type of TACI activity, which may optionally be 
determined in assays such as described herein. To determine whether a BCMA agonist molecule partially or fully 

15 enhances, stimulates, or activates a biological activity of TACI or BCMA, assays may be conducted to assess the effect 
(s) of the antagonist molecule on, for example, an activity of APRIL or TACI. Such assays may be conducted in in vitro 
or in vivo formats, for instance, using PBLs or TACI or BCMA-transfected cells. Preferably, the TACI agonist or BCMA 
agonist will be capable of stimulating or activating TACI or BCMA, respectively, to the extent of that accomplished by 
the native Iigand for the TACI or BCMA receptors. 

20 [0050] The term "antibody" is used in the broadest sense and specifically covers, for example, single monoclonal 
antibodies against TALL-1, APRIL, TACI, or BCMA, antibody compositions with polyepitopic specificity, single chain 
antibodies, and fragments of antibodies. 

[0051] The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except for possible 

25 naturally occurring mutations that may be present in minor amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in contrast to conventional (polyclonal) antibody preparations which 
typically include different antibodies directed against different determinants (epitopes), each monoclonal antibody is 
directed against a single determinant on the antigen. In addition to their specificity, the monoclonal antibodies are 
advantageous in that they are synthesized by the hybridoma culture, uncontaminated by other immunoglobulins. The 

30 modifier "monoclonal" indicates the character of the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring production of the antibody by any particular method. 
For example, the monoclonal antibodies to be used in accordance with the present invention may be made by the 
hybridoma method first described by Kohleret al., Nature , 256 :495 (1 975), ormay be made by recombinant DNA methods 
(see, e.g., U.S. Patent No. 4,816,567). The "monoclonal antibodies" may also be isolated from phage antibody libraries 

35 using the techniques described in Clackson et al., Nature, 352 :624-628 (1991) and Marks et al., J. Mol. Biol ., 222 : 
581-597 (1991), for example. 

[0052] The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) in which a portion 
of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies derived from 
a particular species or belonging to a particular antibody class or subclass, while the remainder of the chain (s) is identical 
with or homologous to corresponding sequences in antibodies derived from another species or belonging to another 
antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological activity 
(U.S. Patent No. 4,816,567; Morrison et al., Proc. Natl. Acad. Sci. USA , 81_:6851-6855 (1984)). Methods of making 
chimeric antibodies are known in the art. 

[0053] "Humanized" forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, immunoglobulin 
45 chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of antibodies) which 
contain minimal sequence derived from non-human immunoglobulin. Forthe most part, humanized antibodies are human 
immunoglobulins (recipient antibody) in which residues from a complementarity-determining region (CDR) of the recipient 
are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the human immu- 
50 noglobulin are replaced by corresponding non-human residues. Furthermore, humanized antibodies may comprise 
residues which are found neither in the recipient antibody nor in the imported CDR or framework sequences. These 
modifications are made to further refine and maximize antibody performance. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are those of 
55 a human immunoglobulin sequence. The humanized antibody optimally also will comprise at least a portion of an im- 
munoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details, see Jones et al., Nature, 
321:522-525 (1986); Reichmann et al., Nature, 332 :323-329 (1986); and Presta, Curr. Op. Struct. Biol. , 2:593-596 
(1 992). The humanized antibody includes a PRIMATIZED™ antibody wherein the antigen-binding region of the antibody 
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is derived from an antibody produced by immunizing macaque monkeys with the antigen of interest, Methods of making 
humanized antibodies are known in the art. 

[0054] Human antibodies can also be produced using various techniques known in the art, including phage-display 
libraries. Hoogenboom and Winter, J. Mol. Biol. , 227:381 (1991); Marks etaL, J. Mol. Biol., 222 :581 (1991). The tech- 
niques of Cole etaL and Boerner etal. are also available for the preparation of human monoclonal antibodies. Cole et 
a/., Monoclonal Antibodies and Cancer Therapy , Alan FL Liss, p. 77 (1985); Boerner et al., J. Immunol , 147(1): 86-95 
(1991). 

[0055] "isolated," when used to describe the various proteins disclosed herein, means protein that has been identified 
and separated and/or recovered from a component of its natural environment. Contaminant components of its natural 
environment are materials that would typically interfere with diagnostic or therapeutic uses for the protein, and may 
include enzymes, hormones, and other proteinaceous or non-proteinaceous solutes, [n preferred embodiments, the 
protein will be purified (1 ) to a degree sufficient to obtain at least 1 5 residues of N-terminal or internal amino acid sequence 
by use of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non-reducing or reducing conditions 
using Coomassie blue or, preferably, silver stain. Isolated protein includes protein in situ within recombinant cells, since 
at least one component of the protein natural environment will not be present. Ordinarily, however, isolated protein will 
be prepared by at least one purification step. 

[0056] "Treatment" or "therapy" refer to both therapeutic treatment and prophylactic or preventative measures. 
[0057] "Mammal" for purposes of treatment or therapy refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, the 
mammal is human. 

[0058] "TALL-1 -related pathological condition" and "APRIL-reiated pathological condition" refer to pathologies or 
conditions associated with abnormal levels of expression or activity of TALL-1 of APRIL, respectively, in excess of, or 
less than, levels of expression or activity in normal healthy mammals, where such excess or diminished levels occur in 
a systemic, localized, or particular tissue or cell type or location in the body. TALL-1 -related pathological conditions and 
APRIL-related pathological conditions include acute and chronic immune related diseases and cancer. 
[0059] The terms "cancer", "cancerous", and "malignant" refer to or describe the physiological condition in mammals 
that is typically characterized by unregulated cell growth. Examples of cancer include but are not limited to, carcinoma 
including adenocarcinoma, lymphoma, blastema, melanoma, sarcoma, and leukemia. More particular examples of such 
cancers include squamous cell cancer, small-cell lung cancer, non-small cell lung cancer, gastrointestinal cancer, Hodg- 
kin's and non-Hodgkin's lymphoma, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer such 
as hepatic carcinoma and hepatoma, bladder cancer, breast cancer, colon cancer, colorectal cancer, endometrial car- 
cinoma, salivary gland carcinoma, kidney cancer such as renal cell carcinoma and Wilms' tumors, basal cell carcinoma, 
melanoma, prostate cancer, vulval cancer, thyroid cancer, testicular cancer, esophageal cancer, and various types of 
head and neck cancer, Optionally, the cancer will express, or have associated with the cancer cell, TALL-1, APRIL, 
TACI or BCMA. By way of example, colon, lung and melanoma cancers have been reported in the literature to express 
APRIL. The preferred cancers for treatment herein include lymphoma, leukemia and myeloma, and subtypes thereof, 
such as Burkitt's lymphoma, multiple myeloma, acute lymphoblastic or lymphocytic leukemia, non-Hodgkin's and Hodg- 
kin's lymphoma, and acute myeloid leukemia. 

[0060] The term "immune related disease" means a disease in which a componeat of the immune system of a mammal 
causes, mediates or otherwise contributes to a morbidity in the mammal, Also included are diseases in which stimulation 
or intervention of the immune response has an ameliorative effect on progression of the disease. Included within this 
term are autoimmune diseases, immune-mediated inflammatory diseases, non-immune-mediated inflammatory diseas- 
es, infectious diseases, and immunodeficiency diseases. Examples of immune-related and inflammatory diseases, some 
of which are immune or T cell mediated, which can be treated according to the invention include systemic lupus ery- 
thematosis, rheumatoid arthritis, juvenile chronic arthritis, spondyloarthropathies, systemic sclerosis (scleroderma), id- 
iopathic inflammatory myopathies (dermatomyositis, polymyositis), Sjogren's syndrome, systemic vasculitis, sarcoidosis, 
autoimmune hemolytic anemia (immune pancytopenia, paroxysmal nocturnal hemoglobinuria), autoimmune thrombo- 
cytopenia (idiopathic thrombocytopenic purpura, immune-mediated thrombacytopenia), thyroiditis (Grave's disease, 
Hashimoto's chyraiditis, juvenile lymphocytic thyroiditis, atrophic thyroiditis), diabetes mellitus, immune-mediated renal 
disease (glomerulonsphritio, tubulointerstitial nephritis), demyeiinating diseases of the central and peripheral nervous 
systems such as multiple sclerosis, idiopathic demyeiinating polyneuropathy or Guillain-Barre syndrome, and chronic 
inflammatory demyeiinating polyneuropathy, hepatobiliary diseases such as infectious hepatitis (hepatitis A, B, C, D, E 
and other non-hepatotropic viruses), autoimmune chronic active hepatitis, primary biliary cirrhosia, granulomatoua hep- 
atitis, and sclerosing cholangitis, inflammatory andfibrotic lung diseases such as inflammatory bowel disease (ulcerative 
colitis: Crohn's disease), gluten-sensitive enteropathy, and Whipple's disease, autoimmune or immune-mediated skin 
diseases including bullous skin diseases, erythema multiforme and contact dermatitis, psoriasis, allergic diseases such 
as asthma, allergic rhinitis, atopic dermatitis, food hypersensitivity and urticaria, immunologic diseases of the lung such 
as eosinophilic pneumonias, idiopathic pulmonary fibrosis and hypersensitivity pneumonitis, transplantation associated 
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diseases including graft rejection and graft-versus-host-disease. infectious diseases include AIDS (HIV infection), hep- 
atitis A, B, C, D, and E, bacterial infections, fungal infections, protozoal infections and parasitic infections. 
[0061] "Autoimmune disease" is used herein in a broad, general sense to refer to disorders or conditions in mammals 
in which destruction of normal or healthy tissue arises from humoral or cellular immune responses of the individual 

5 mammal to his or her own tissue constituents. Examples include, but are not limited to, lupus erythematous, thyroiditis, 
rheumatoid arthritis, psoriasis, multiple sclerosis, autoimmune diabetes, and inflammatory bowel disease (IBD). 
[0062] The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g. I 131 , I 125 , Y 90 and Re 186 ), 
c hem othe rape utic agents, and toxins such as enzymatically active toxins of bacterial, fungal, plant or animal origin, or 

fo fragments thereof. 

[0063] A "chemotherapeutic agent" is a chemicai compound useful in the treatment of disease. Examples of chemo- 
therapeutic agents include adriamycin, doxorubicin, epirubicin, 5-fiuorouracil, cytosine arabinoside ("Ara-C"), cyclophos- 
phamide, thiotepa, busulfan, cytoxin, taxoids, e.g. paclitaxel (Taxol, Bristol-Myers Squibb Oncology, Princeton, NJ), and 
doxetaxel (Taxotere, Rhone-Poulenc Rorer, Antony, Rnace), toxotere, methotrexate, cisplatin, meiphalan, CPT-11, 
15 vinblastine, bleomycin, etoposide, ifosfamide, mitomycin c, mitoxantrone, vincristine, vinorelbine, carboplatin, teniposide, 
daunomycin, carminomycin, aminopterin, dactinomycin, mitomycins, esperamicins (see U.S. Pat. No. 4,675,187), mei- 
phalan and other related nitrogen mustards. Also included in this definition are hormonal agents that act to regulate or 
inhibit hormone action such as tamoxifen and onapristone. 

[0064] A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits growth of a 
20 cell, either in vitro or in vivo. Thus, the growth inhibitory agent is one which significantly reduces the percentage of cells 
overexpressing such genes in S phase. Examples df growth inhibitory' agents include agents that block cell cycle pro- 
gression (at a place other than S phase), such as agents that induce G1 arrest and M-phase arrest Classical M-phase 
blockers include the vincas (vincristine and vinblastine), taxol, and topo II inhibitors such as doxorubicin, epirubicin, 
daunorubicin, etoposide, and bleomycin. Those agents that arrest G1 also spill over into S-phase arrest, for example, 
2S DNA alkylating agents such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluor- 
ouracil, and ara-C. Further information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds., 
Chapter 1 , entitled "Cell cycle regulation, oncogens, and antineoplastic drugs" by Murakami etai (WB Saunders: Phil- 
adelphia, 1995), especially p. 13. 

[0065] The term "cytokine" is a generic term for proteins released by one cell population which act on another cell as 
30 intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional polypeptide hormones. 
Included among the cytokines are growth hormone such as human growth hormone, N-methionyl human growth hormone, 
and bovine growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycoprotein hor- 
mones such as follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and luteinizing hormone (LH); 
hepatic growth factor; fibroblast growth factor; prolactin; placental lactogen; tumor necrosis factor-oc and -p; mullerian- 
35 inhibiting substance; mouse gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin: 
thrombopoietin (TPO); nerve growth factors; plate let-grovath factor; transforming growth factors (TGFs) such asTGF- 
cc and TGF-p; insulin-like growth factor-l and -II; erythropoietin (EPO); osteoinductive factors; interferons such as inter- 
ferons, -p, and -gamma; colony stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macro- 
phage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interieukins (ILs) such as IL-1, IL-2, IL-3, IL-4, IL-5, JL-6, IL-7, 
40 il-8, IL-9, IL-1 1 , IL-1 2; and other polypeptide factors including LIF and kit ligand(KL). As used herein, the term cytokine 
includes proteins from natural sources or from recombinant cell culture and biologically active equivalents of the native 
sequence cytokines. 

II. Methods and Materials 

[0066] Generally, the methods of the invention for modulating TALL-1, APRIL, TACI, and/or BCMA activity in mam- 
malian cells comprise exposing the cells to a desired amount of antagonist or agonist which affects TALL-1 or APRIL 
interaction with TACI or BCMA. Preferably, the amount of antagonist or agonist employed will be an amount effective 
to affect the binding and/or activity of the respective ligand or respective receptor to achieve a therapeutic effect, This 
can be accomplished in vivo or ex vivo in accordance, for instance, with the methods described below and in the 
Examples. Exemplary conditions or disorders to be treated with such TALL-1 antagonists or APRIL antagonists include 
conditions in mammals clinically referred to as autoimmune diseases, including but not limited to rheumatoid arthritis, 
multiple sclerosis, psoriasis, and lupus or other pathological conditions in which B cell response(s) in mammals is 
abnormally upregulated such as cancer. As shown in the Examples below, TACI immunoadhesin molecules substantially 
inhibited arthritic disease induced by immunization with type- 1 1 collagen, reduced joint inflammation and formation of 
anti-collagen antibodies, prevented bone and cartilage destruction and blocked stimulation of autoreactive T cells. These 
results implicate TACI in T cell-mediated autoimmunity, and suggest that blocking or inhibiting TACI interactions with 
TALL-1 and/or APRIL may have therapeutic utility for autoimmune diseases such as RA. Exemplary conditions or 
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disorders to be treated with TACI agonists or BCMA agonists include immunodeficiency and cancer. 
[0067] Diagnostic methods are also provided herein. For instance, the antagonists or agonists may be employed to 
detect the respective ligands (TALL-1 or APRIL) or receptors (TACI or BCMA) in mammals known to be or suspected 
of having a TALL-1 - related pathological condition or APRiL-related pathological condition. The antagonist or agonist 
5 molecule may be used, e.g., in immunoassays to detect or quantitate TALL-1 or APRIL in a sample. A sample, such as 
cells obtained from a mammal, can be incubated in the presence of a labeled antagonist or agonist molecule, and 
detection of the labeled antagonist or agonist bound in the sample can be performed. Such assays, including various 
clinical assay procedures, are known in the art, for instance as described in Voller et aL, immunoassays , University 
Park, 1981. 

10 

A. MATERIALS 

[0068] The antagonists and agonists which can be employed in the methods include, but are not limited to, soluble 
forms of TACI and BCMA receptors, TACI receptor immunoadhesins and BCMA receptor immunoadhesins, fusion- 
's proteins comprising TACI or BCMA, covalently modified forms of TACI or BCMA, TACI receptor variants and BCMA 
receptor variants, TACI or BCMA receptor antibodies, and TALL-1 or APRIL antibodies. Various techniques that can be 
employed for making the antagonists and agonists are described below. 

[0069] Generally, the compositions of the invention may be prepared using recombinant techniques known in the art. 

The description below relates to methods of producing such polypeptides by cultu ring host cells transformed ortransfected 
20 with a vector containing the encoding nucleic acid and recovering the polypeptide from the cell culture. (See, e.g., 

Sambrook et aL, Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1999); 

Dieffenbach et al., PCR PrimenA Laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)). 

[0070] The nucleic acid (e.g., cDNA or genomic DNA) encodingthe desired polypeptide may be inserted into a replicable 

vector for further cloning (amplification of the DNA) or for expression. Various vectors are publicly available. The vector 
25 components generally include, but are not limited to, one or more of the following: a signal sequence, an origin of 

replication, one or more marker genes, an enhancer element, a promoter, and a transcription termination sequence, 

each of which is described below. Optional signal sequences, origins of replication, marker genes, enhancer elements 

and transcription terminator sequences that may be employed are known in the art and described in further detail in 

W097/25428. 

30 [0071] Expression and cloning vectors usually contain a promoter that is recognized by the host organism and is 
operably linked to the encoding nucleic acid sequence. Promoters are untranslated sequences located upstream (5') to 
the start codon of a structural gene (generally within about 100 to 1 000 bp) that control the transcription and translation 
of a particular nucleic acid sequence, to which they are operably linked. Such promoters typically fall into two classes, 
inducible and constitutive. Inducible promoters are promoters that initiate increased levels of transcription from DNA 

35 under their control in response to some change in culture conditions, e.g., the presence or absence of a nutrient or a 
change in temperature. At this time a large number of promoters recognized by a variety of potential host cells are well 
known. These promoters are operably linked to the encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter sequence into the vector, 

[0072] Promoters suitable for use with prokaryotic and eukaryotic hosts are known in the art, and are described in 

40 further detail in W097/25428. 

[0073] Construction of suitable vectors containing one or more of the above-listed components employs standard 
ligation techniques, isolated plasmids or DNA fragments are cleaved, tailored, and reiigated in the form desired to 
generate the plasmids required. For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures 
can be used to transform E. coii K1 2 strain 294 (ATCC 31 ,446) and successful transformants selected by ampicilfin or 

45 tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by restriction endo- 
nuclease digestion, and/or sequenced using standard techniques known in the art. [See, e.g., Messing et al., Nucleic 
Acids Res., 9:309 (1 981 ); Maxam et al., Methods in Enzymology , 65:499 (1 980)]. 

[0074] Expression vectors that provide for the transient expression in mammalian cells of the encoding DNA may be 
employed. In general, transient expression involves the use of an expression vector that is able to replicate efficiently 
50 in a host cell, such that the host cell accumulates many copies of the expression vector and, in turn, synthesizes high 
levels of a desired polypeptide encoded by the expression vector [Sambrook et al., supra] . Transient expression systems, 
comprising a suitable expression vector and a host cell, allow for the convenient positive identification of polypeptides 
encoded by cloned DNAs, as well as for the rapid screening of such polypeptides for desired biological or physiological 
properties. 

55 [0075] Other methods, vectors, and host cells suitable for adaptation to the synthesis of the desired polypeptide in 
recombinant vertebrate cell culture are described in Gething et al., Nature, 293:620-625 (1981); Mantel et aL, Nature, 
281:40-46 (1979); EP 117,060; and EP 117,058. 

[0076] Suitable host cells for cloning or expressing the DNA in the vectors herein include prokaryote, yeast, or higher 
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eukaiyote ceils. Suitable prokaryotes for this purpose include but are not limited to eubacteria, such as Gram-negative 
or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. coll, Enterobacter, Erwinia, 
Klebsiella, Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as 
well as Bacilli such as B, subtilis and B. llcheniformis (e.g., B. licheniformis 41 P disclosed in DD 266, 71 0 published 1 2 
5 April 1 989), Pseudomonas such as P. aeruginosa, and Streptomyces. Preferably, the host cell should secrete minimal 
amounts of proteolytic enzymes. 

[0077] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression hosts for vectors. Suitable host cells for the expression of glycosylated polypeptide are derived from multi- 
cellular organisms, Examples of all such host cells are described further in W097/25428. 
io [0078] Host cells are transfected and preferably transformed with the above-described expression or cloning vectors 
and cultured in nutrient media modified as appropriate for inducing promoters, selecting transformants, or amplifying 
the genes encoding the desired sequences. 

[0079] Transfection refers to the taking up of an expression vector by a host cell whether or not any coding sequences 
are in fact expressed, Numerous methods of transfection are known to the ordinarily skilled artisan, for example, CaP0 4 
15 and alectroporation. Successful transfection is generally recognized when any indication of the operation of this vector 
occurs within the host cell. 

[0080] Transformation means introducing DNA into an organism so that the DNA is replicable, either as an extrachro- 
mosomal element or by chromosomal integrant. Depending on the host cell used, transformation is done using standard 
techniques appropriate to such cells. The calcium treatment employing calcium chloride, as described in Sambrook et 
20 a l., supra, or electroporation is generally used for prokaryotes or other cells that contain substantial cell-wall barriers. 
Infection with Agrobacterium tumefaciens is used for transformation of certain plant cells, as described by Shaw et al., 
Gene , 23:315 (1983) and WO 89/05859 published 29 June 1 989. in addition, plants may be transfected using ultrasound 
treatment as described in WO 91/00358 published 10 January 1991. 

[0081] For mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham and van 
25 der Eb, Virology , 52:456-457 (1 978) may be employed. General aspects of mammalian cell host system transformations 
have been described in U.S. Pat No. 4,399,216. Transformations into yeast are typically carried out according to the 
method of Van Solingen et al., J. Bact , 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 (1979). 
However, other methods for introducing DNA into cells, such as by nuclear microinjection, electroporation, bacterial 
protoplast fusion with intact cells, orpolycations, e.g., polybrene, poiy ornithine, may also be used. For various techniques 
30 for transforming mammalian cells, see Keown et a!., Methods in Enzymology, 185:527-537 (1990) and Mansour et al., 
Nature , 336:348-352 (1988). 

[0082] Prokaryotic cells may be cultured in suitable culture media as described generally in Sambrook et al., supra. 
Examples of commercially available culture media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ("DMEM", Sigma). Any such media may be 

35 supplemented as necessary with hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth 
factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleosides 
(such as adenosine and thymidine), antibiotics (such as Gentamycin™ drug), trace elements (defined as inorganic 
compounds usually present at final concentrations in the micromolar range), and glucose or an equivalent energy source. 
Any other necessary supplements may also be included at appropriate concentrations that would be known to those 

40 skilled in the art. The culture conditions, such as temperature, pH, and the like, are those previously used with the host 
cell selected for expression, and will be apparent to the ordinarily skilled artisan. 

[0083] In general, principles, protocols, and practical techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: A Practical Approach , M. Butler, ed. (IRL Press, 1991). 
[0084] The expressed polypeptides may be recovered from the culture medium as a secreted polypeptide, although 
45 may also may be recovered from host cell lysates when directly produced without a secretory signal. If the polypeptide 
is membrane-bound, it can be released from the membrane using a suitable detergent solution (e.g. Triton-X 1 00) or its 
extracellular region may be released by enzymatic cleavage. 

[0085] When the polypeptide is produced in a recombinant cell other than one of human origin, it is free of proteins 
or polypeptides of human origin. However, it is usually necessary to recover or purify the polypeptide from recombinant 

50 cell proteins or polypeptides to obtain preparations that are substantially homogeneous. As a first step, the culture 
medium or lysate may be centrifuged to remove particulate cell debris. The following are procedures exemplary of 
suitable purification procedures: by fractionation on an ion-exchange column; ethanol precipitation; reverse phase HPLC; 
chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Saphadex G-75; and protein A sepharose columns to remove 

55 contaminants such as IgG. 

[0086] TACI receptor variants and BCMA receptor variants are contemplated for use in the invention. Such variants 
can be prepared using any suitable technique in the art. The receptor variants can be prepared by introducing appropriate 
nucleotide changes into the receptor DNA, and/or by synthesis of the desired receptor polypeptide. Those skilled in the 
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art will appreciate that amino acid changes may alter post-translation al processes of the receptor, such as changing the 
number or position of giycosylation sites or altering the membrane anchoring characteristics. 

[0087] Variations in the native sequence receptor or in various domains of the receptors described herein, can be 
made, for example, using any of the techniques and guidelines for conservative and non-conservative mutations set 
forth, for instance, in U.S. Patent No. 5,364,934. variations may be a substitution, deletion or insertion of one or more 
codons encoding the receptor that results in a change in the amino acid sequence of the receptor as compared with the 
native sequence receptor. Optionally the variation is by substitution of at least one amino acid with any other amino acid 
in one or more of the domains of the receptor. Guidance in determining which amino acid residue may be inserted, 
substituted or deleted without adversely affecting the desired activity may be found by comparing the sequence of the 
receptor with that of homologous known protein molecules and minimizing the number of amino acid sequence changes 
made in regions of high homology. Amino acid substitutions can be the result of replacing one amino acid with another 
amino acid having similar structural and/or chemical properties, such as the replacement of a leucine with a serine, i.e., 
conservative amino acid replacements. Insertions or deletions may optionally be in the range of about 1 to 5 amino 
acids. The variation allowed may be determined by systematically making insertions, deletions or substitutions of amino 
acids in the sequence and testing the resulting variants for activity exhibited by the full-length or mature native sequence, 
[0088] TACi or BCMA polypeptide fragments are provided herein. Such fragments may be truncated at the N-terminus 
or C-terminus, or may lack internal residues, for example, when compared with a full-length native protein. Certain 
fragments lack amino acid residues that are not essential for a desired biological activity of the receptor polypeptide. 
Optionally, the TACI or BCMA polypeptide fragments comprise ECD deletion variants in which one or more amino acid 
residues have been deleted from the N-terminus or C-terminus of the receptor ECD sequence. Preferably, such ECD 
deletion variants have at least one biological activity as compared to the native receptor sequence. 
[0089] TACI or BCMA fragments may be prepared by any of a number of conventional techniques. Desired peptide 
fragments may be chemically synthesized. An alternative approach involves generating receptor fragments by enzymatic 
digestion, e.g., by treating the protein with an enzyme known to cleave proteins at sites defined by particular amino acid 
residues, or by digesting the DNA with suitable restriction enzymes and isolating the desired fragment. Yet another 
suitable technique involves isolating and amplifying a DNA fragment encoding a desired polypeptide fragment, by 
polymerase chain reaction (PCR). Oliganucieotides that define the desired termini of the DNA fragment are employed 
at the 5' and 3' primers in the PCR. 

[0090] In particular embodiments, conservative substitutions of interest are shown in Table 1 under the heading of 
preferred substitutions. If such substitutions result in a change in biological activity, then more substantial changes, 
denominated exemplary substitutions in Table 1 , or as further described below in reference to amino acid classes, are 
introduced and the products screened. 



Table 1 



40 



45 



50 



55 



Original Residue 


Exemplary substitutions 


Preferred Substitutions 


Ala (A) 


val; leu; ile 


val 


Arg (R) 


lys; gin; asn 


lys 


Asn (N) 


gin; his; lys; arg 


gin 


Asp (D) 


glu 


glu 


Cys (C) 


ser 


ser 


Gin (Q) 


asn 


asn 


Glu (E) 


asp 


asp 


Giy (G) 


pro; ala 


ala 


His (H) 


asn; gin; lys; arg 


arg 


lie (I) 


ieu; val; met; ala; phe; norleucine 


Ieu 


Leu (L) 


norleucine; ile; val; met;, ala; phe 


ile 


Lys (K) 


arg; gin; asn 


arg 


Met (M) 


ieu; phe; ile 


leu 


Fhe (F) 


Ieu; val; ile; ala; tyr 


leu 


Pro (P) 


ala 


ala 
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Table continued 



Original Residue 


Exemplary substitutions 


Preferred Substitutions 


Ser (S) 


thr 


thr 


Thr (T) 


ser 


ser 


Tip (w) 


tyr; phe 


tyr 


Tyr (Y) 


trp; phe; thr; ser 


phe 


Val (V) 


ile; leu; met; phe; ala; norleueine 


ieu 



[0091] Substantial modifications in function or immunological identity of the receptor polypeptide are accomplished 
by selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the polypeptide backbone 
in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the 
15 molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into groups based 
on common side-chain properties; 

(1) hydrophobic: norleueine, met, ala, val, ieu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 
20 (3) acidic: asp, glu; 

(4) basic: asn, gin, his, iys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

25 [0092] Non-conservative substitutions will entail exchanging a member of one of these classes for another class. Such 
substituted residues also may be introduced into the conservative substitution sites or, more preferably, into the remaining 
(ncn-conserved) sites. 

[0093] The variations can be made using methods known in the art such as oligonucleotide-mediated (site-directed) 
mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mutagenesis [Carter et al., Nucl. Acids Res. , 13: 
30 4331 (1 986); Zoller et al., Nucl. Acids Res. , 10:6487 (1987)], cassette mutagenesis [Wells et al., Gene , 34:315 (1985)], 
restriction selection mutagenesis [Wells et al., Philos. Trans. R. Soc. London SerA , 317:415 (1986)] or other known 
techniques can be performed on the cloned DNA to produce the receptor variant DNA. 

[0094] Scanning amino acid analysis can also be employed to identify one or more amino acids along a contiguous 
sequence. Among the preferred scanning amino acids are relatively small, neutral amino acids. Such amino acids include 

35 alanine, glycine, serins, and cysteine. Alanine is typically a preferred scanning amino acid among this group because it 
eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-chain conformation of the variant 
[Cunningham and Welis, Science, 244 : 1081-1095 (1999)]. Alanine is also typically preferred because it is the most 
common amino acid. Further, it is frequently found in both buried and exposed positions [Creighton, The Proteins , (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol. Biol. , 150 :1 (1976)]. If alanine substitution does not yield adequate amounts of 

40 variant, an isoteric amino acid can be used. 

[0095] Soluble forms of TACI receptors or BCMA receptors may also be employed as antagonists in the methods of 
the invention. Such soluble forms of TACI or BCMA may comprise or consist of extracellular domains of the respective 
receptor (and lacking transmembrane and intracellular domains of the respective receptor). The extracellular domain 
sequences themselves of TACI or BCMA may be used as antagonists, or may be further modified as described below 

45 (such as by fusing to an immunoglobulin, epitope tag or leucine zipper). Certain extracellular domain regions of TACI 
and BCMA have been described in the literature and may be further delineated using techniques known to the skilled 
artisan. Those skilled in the art will be able to select, without undue experimentation, a desired extracellular domain 
sequence of either TACI or BCMA to employ as an antagonist. 

[0096] Immunoadhesin molecules are further contemplated for use in the methods herein. TACI receptor immunoad- 
50 hesins may comprise various forms of TACI, such as the full length polypeptide as well as soluble forms of the receptor 

which comprise an extracellular domain (ECD) sequence or a fragment of the ECD sequence. In one embodiment, the 

molecule may comprise a fusion of the TACI receptor with an imnunoglabulin or a particular region of an immunoglobulin. 

For a bivalent form of the immunoadhesin, such a fusion could be to the Fc region of an IgG molecule. The Ig fusions 

preferably include the substitution of a soluble (transmembrane domain deleted or inactivated) form of the receptor 
55 polypeptide in place of at least one variable region within an Ig molecule. In a particularly preferred embodiment, the 

immunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CH1, CH2 and CH3 regions of an lgG1 molecule. 

For the production of immunoglobulin fusions, see also US Patent No. 5,428,130 issued June 27, 1995 and Chamow 
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et aL, TIBTECH, 14:52-60 (1996). 

[0097] The simplest and most straightforward immunoadhesin design combines the binding domain(s) of the adhesin 
(e.g. the extracellular domain (ECD) of a receptor) with the Fc region of an immunoglobulin heavy chain. Ordinarily, 
when preparing the immunoadhesins of the present invention, nucleic acid encoding the binding domain of the adhesin 
5 will be fused C-terminaliy to nucleic acid encoding the N-terminus of an immunoglobulin constant domain sequence, 
However N-terminal fusions are also possible. 

[0098] Typically, in such fusions the encoded chimeric polypeptide will retain at least functionally active hinge, C H 2 
and C H 3 domains of the constant region of an immunoglobulin heavy chain. Fusions are also made to the C-terminus 
of the Fc portion of a constant domain, or immediately N-terminal to the C H 1 of the heavy chain or the corresponding 

10 region of the light chain. The precise site at which the fusion is made is not critical; particular sites are well known and 
may be selected in order to optimize the biological activity, secretion, or binding characteristics of the immunoadhesin. 

. . [0099] In a preferred embodiment, the adhesin sequence is fused to the N-terminus of the Fc region of immunoglobulin 
G-, (IgG-f). It is possible to fuse the entire heavy chain constant region to the adhesin sequence. However, more preferably, 
a sequence beginning in the hinge region just upstream of the papain cleavage site which defines IgG Fc chemically 

15 (i.e. residue 21 6, taking the first residue of heavy chain constant region to be 114), or analogous sites of other immu- 
noglobulins is used in the fusion, In a particularly preferred embodiment, the adhesin amino acid sequence is fused to 
(a) the hinge region and C H 2 and C H 3 or (b) the C H 1 , hinge, C H 2 and C H 3 domains, of an IgG heavy chain, 
[0100] For bispecific immunoadhesins, the immunoadhesins are assembled as multimers, and particularly as het- 
erodimers or heterotetramers. Generally, these assembled immunoglobulins will have known unit structures. A basic 
.20 four chain structural unit is the form in which IgC, IgD, and IgE exist. A four chain unit is repeated in the higher molecular 
weight immunoglobulins; IgM generally exists as a pentamer of four basic units held together by disulfide bonds. IgA 
globulin, and occasionally IgG globulin, may also exist in multimeric form in serum. In the case of multimer, each of the 
four units may be the same or different. 

[0101] Various exemplary assembled immunoadhesins within the scope herein are schematically diagrammed below: 

25 

(a) AC L -AC L ; 

(b) AC H -(AC H , AC L -AC H , AC L -V H C H , or V L C L -AC H ) ; 

(c) AC L -AC H -(AC L -AC H , AC L -V H C H , V L C L -AC H , or V L C L -V H C H ) 

(d) AC L -V H C H -(AC H , or AC L -V B C H , or V L C L -AC H ); 
30 (e) V L C L -AC H -(AC L -V H C H , or V L C L -AC H ); and 

(f) (A-Y) n -(V L C L -V H C H ) 2 , 

wherein each A represents identical or different adhesin amino acid sequences; 
V L is an immunoglobulin light chain variable domain; 
V R is an immunoglobulin heavy chain variable domain; 
C L is an immunoglobulin light chain constant domain; 
G H is an immunoglobulin heavy chain constant domain; 
n is an integer greater than 1; 

Y designates the residue of a covalent cross-linking agent. 

[0102] In the interests of brevity, the foregoing structures only show key features; they do not indicate joining (J) or 
other domains of the immunoglobulins, nor are disulfide bonds shown. However, where such domains are required for 
binding activity, they shall be constructed to be present in the ordinary locations which they occupy in the immunoglobulin 
molecules. 

[0103] Alternatively, the adhesin sequences can be inserted between immunoglobulin heavy chain and light chain 
sequences, such that an immunoglobulin comprising achimeric heavy chain is obtained. In this embodiment, the adhesin 
sequences are fused to the 3' end of an immunoglobulin heavy chain in each arm of an immunoglobulin, either between 
the hinge and the C H 2 domain, or between the C g 2 and C n 3 domains. Similar constructs have been reported by Hoog- 
enboom et aL, MoL Immunol. , 28:1027-1037 (1991). 

[0104] Although the presence of an immunoglobulin light chain is not required in the immunoadhesins of the present 
invention, an immunoglobulin light chain might be present either covalently associated to an adhesin-immunogiobulin 
heavy chain fusion polypeptide, or directly fused to the adhesin. In the former case, DNA encoding an immunoglobulin 
light chain is typically coexpressed with the DNA encoding the adhesin-immunogiobulin heavy chain fusion protein. Upon 
secretion, the hybrid heavy chain and the light chain will be covalently associated to provide an immunogiobulin-like 
structure comprising two disulfide-linked immunoglobulin heavy chain-light chain pairs. Methods suitable for the prepa- 
ration of such structures are, for example, disclosed in U.S. Patent No. 4,816,567, issued 28 March 1989. 
[01 05] Immunoadhesins are most conveniently constructed by fusing the cDNA sequence encoding the adhesin portion 
in-frame to an immunoglobulin cDNA sequence. However, fusion to genomic immunoglobulin fragments can also be 
used (see, e.g. Aruffo et aL, cell, §1:1303-1313 (1990); and Stamenkovic et aL, Cell , 66:1 133-1144 (1991)). The latter 
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type of fusion requires the presence of ig regulatory sequences for expression. cDNAs encoding IgG heavy-chain 
constant regions can be isolated based on published sequences from cDNA libraries derived from spleen or peripheral 
blood lymphocytes, by hybridization or by polymerase chain reaction (PCR) techniques. The cDNAS encoding the 
"adhesin" and the immunoglobulin parts of the immunoadhesin are inserted in tandem into a plasmid vector that directs 
5 efficient expression in the chosen host cells. 

[0106] Examples of such soluble ECD sequences include polypeptides comprising amino acids 2-166 of the TACI 
sequence shown in Figure 1 , and described further in the Examples below. The TACI receptor immunoadhesin can be 
made according to any of the methods described in the art, 

[0107] BCMA receptor immunoadhesins can be similarly constructed. Examples of soluble ECD sequences for use 
10 in constructing BCMA immunoadhesins may include polypeptides comprising amino acids 5-51 of the BCMA sequence 
shown in Figure 2, and described further in the Examples below. 

[0108] In another embodiment, theTACI or BCMA receptor may be covalently modified by iinkingthe receptor polypep- 
tide to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol (PEG), polypropylene glycol, or poly- 
oxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,609; 4,301,144: 4,670,417; 4,791,192 or 

15 4,1 79,337. Such pegylated forms of the TACI or BCMA receptor may be prepared using techniques known in the art. 
[0109] Leucine zipper forms of these molecules are also contemplated by the invention. "Leucine zipper" is a term in 
thewt used to refer to a leucine rich sequence that enhances, promotes, or drives dimerization or trimerization of its 
fusion partner (e.g., the sequence or molecule to which the leucine zipper is fused or linked to). Various leucine zipper 
polypeptides have been described in the art. See, e.g., Landschulz et al., Science , 240:1 759 (1 988); US Patent 5,71 6,805; 

20 W0 94/1 0308; Hoppe et ah, FEBS Letters , 344 :1 991 (1 994); Maniatis et al., Nature, 341 :24 (1 989). Those skilled in the 
art will appreciate that a leucine zipper sequence may be fused at either the 5' or 3' end of the TACI or BCMA receptor 
molecule. 

[0110] The TACI or BCMA polypeptides of the present invention may also be modified in a way to form chimeric 
molecules by fusing the receptor polypeptide to another, heterologous polypeptide or amino acid sequence. Preferably, 

25 such heterologous polypeptide or amino acid sequence is one which acts to oligimerize the chimeric molecule. In one 
embodiment, such a chimeric molecule comprises a fusion of theTACI or BCMA receptor polypeptide with a tag polypep- 
tide which provides an epitope to which an anti-tag antibody can selectively bind. The epitope tag is generally placed at 
the amino- orcarboxyl-terminus of the receptor polypeptide. The presence of such epitope-tagged forms of the receptor 
can be detected using an antibody against the tag polypeptide. Also, provision of the epitope tag enables the receptor 

so to be readily purified by affinity purification using an anti-tag antibody or another type of affinity matrix that binds to the 
epitope tag. Various tag polypeptides and their respective.antibodies are well known in the art. Examples include poly- 
histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide and its antibody 12CA5 [Field 
etal., Mol.Cell. Biol. , 8:2159-2165 (1988)]; the c-myctag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto 
[Evan et al., Molecular and Cellular Biology , 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) 

35 tag and its antibody [Paborsky et al., Protein Engineering , 3(6):547-553 (1 990)]. othertag polypeptides include the Flag- 
peptide (Hopp et al., BioTechnology , 6:1 204-1 21 0 (1 988)]; the KT3 epitope peptide [Martin et al., Science, 255:192-194 
(1992)]; an ot-tubulin epitope peptide [Skinner et al., J. Biol. Chem. , 266:15163-15166 (1991)]; and the T7 gene 10 
protein peptide tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA , 87:6393-6397 (1 990)]. 

[0111] It is contemplated that anti-TACI receptor antibodies, anti-BCMA receptor antibodies, anti-TALL-1 antibodies, 

40 or anti-APRIL antibodies may also be employed in the presently disclosed methods. Examples of such molecules include 
neutralizing or blocking antibodies which can preferably inhibit binding of TALL- 1 or APRIL to the TACI or to the BCMA 
receptors. The anti-TACI antibodies, anti-BCMA, anti-TALL-1, or anti-APRIL antibodies may be monoclonal antibodies. 
Monoclonal antibodies may be prepared using hybridoma methods, such as those described by Kohler and Miistein, 
Nature, 256:495 (1 975). In a hybridoma method, a mouse, hamster, or other appropriate host animal, is typically immu- 

45 nized with an immunizing agent to elicit lymphocytes that produce or are capable of producing antibodies that will 
specifically bind to the immunizing agent. Alternatively, the lymphocytes may be immunized in vitro, 
[0112] The immunizing agent will typically include the TACI or BCMA polypeptide, or TALL- 1 or APRIL polypeptide, 
or a fusion protein thereof. Generally, either peripheral blood lymphocytes ("PBLs") are used if cells of human origin are 
desired, or spleen cells or lymph node cells are used if non-human mammalian sources are desired. The lymphocytes 

50 are then fused with an immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell [Goding, Monoclonal Antibodies: Principles and Practice, Academic Press, (1 986) pp. 59-103]. Immor- 
talized cell lines are usually transformed mammalian cells, particularly myeloma cells of rodent, bovine and human origin. 
Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable culture medium 
that preferably contains one or more substances that inhibit the growth or survival of the unfused, immortalized cells. 

55 For example, if the parental cells lack the enzyme hypoxanthine guanirie phoaphoribosyl transferase (HGPRTor HPRT), 
the culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), 
which substances prevent the growth of HGPRT- deficient cells. 

[0113] Preferred immortalized cell lines are those that fuse efficiently, support stable high level expression of antibody 
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by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More preferred immor- 
talized cell lines are murine myeloma lines, which can be obtained, for instance, from the Salk Institute cell Distribution 
Center, San Diego, California and the American Type Culture Collection, Manassas, Virginia. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human monoclonal antibodies 
5 [Kozbor, J. Immunol., 133 :3001 (1984); Brodeur et aL, Monoclonal Antibody Production Techniques and Appiications , 
Marcel Dekker, Inc., New York, (1987) pp. 51-63]. 

[0114] The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of mon- 
oclonal antibodies directed against TACI, BCMA, TALL-1 or APRIL. Preferably, the binding specificity of monoclonal 
antibodies produced by the hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such 

io as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known 
in the art. The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis of 
Munson and Pollard, Anal. Biochem. , 107:220 (1 980). Optionally, the anti-TACI, anti-BCMA, anti-TALL-1 , or anti-APRIL 
antibodies will have a binding affinity of at least 1 0nM, preferably, of at least 5nM, and more preferably, of at least 1 nM 
for the respective receptor or iigand, as determined in a binding assay. 

15 [0115] After the desired hybridoma cells are identified, the clones may be subcloned by limiting dilution procedures 
and grown by standard methods fGodinq, supra] . Suitable culture media forthis purpose include, for example, Dulbecoo's 
Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the hybridoma ceils may be grown in vivo as ascites 
in a mammal. 

[0116] The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture medium or 
20 ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose, hy- 
droxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

[0117] The monoclonal antibodies may also be made by recombinant DNA methods, such as those described in U.S. 
Patent No. 4,81 6,567. DNA encoding the monoclonal antibodies of the invention can be readily isolated and sequenced 
using conventional procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes 

25 encoding the heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into 
host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce 
immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. The DNA also 
may be modified, for example, by substituting the coding sequence for human heavy and light chain constant domains 

30 in place of the homologous murine sequences [U.S. Patent No. 4,81 6,567; Morrison et al., supra] or by covalentiy joining 
to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. Such 
a non-immunoglobulin polypeptide can be substituted for the constant domains of an antibody of the invention, or can 
be substituted for the variable domains of one antigen-combining site of an antibody of the invention to create a chimeric 
bivalent antibody. 

35 [0118] The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well known 
in the art. For example, one method involves recombinant expression of immunoglobulin light chain and modified heavy 
chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy chain crosslinking. 
Alternatively, the relevant cysteine residues are substituted with another amino acid residue or are deleted so as to 
prevent crosslinking. 

40 [0119] in vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques known in the art. 
[0120] In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage libraries gen- 
erated using the techniques described in McCafferty et al., Nature, 348 :552-554 (1 990). Clackson et al., Nature , 352 : 
624-628 (1991) and Marks et al., J. MoL Biol. , 222 :581 -597 (1 991 ) describe the isolation of murine and human antibodies, 

45 respectively, using phage libraries. Subsequent publications describe the production of high affinity (nM range) human 
antibodies by chain shuffling (Marks et al., Bio/Technology , 10:779-783 (1992)), as well as combinatorial infection and 
in vivo recombination as a strategy for constructing very large phage libraries (Waterhouse et al., Nuc. Acids. Res. , 21_: 
2265-2266 (1993)). Thus, these techniques are viable alternatives to traditional monoclonal antibody hybridoma tech- 
niques for isolation of monoclonal antibodies. 

50 [0121] The DNA also may be modified, for example, by substituting the coding sequence for human heavy- and light- 
chain constant domains in place of the homologous murine sequences (U.S. Patent No, 4,816,567; Morrison, et al., 
Proc. Natl Acad. Sci. USA , 81:6851 (1984)), or by covalentiy joining to the immunoglobulin coding sequence all or part 
of the coding sequence for a non-immunoglobulin polypeptide. 

[0122] Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an antibody, or 
55 they are substituted for the variable domains of one antigen-combining site of an antibody to create a chimeric bivalent 
antibody comprising one antigen-combining site having specificity for an antigen and another antigen-combining site 
having specificity for a different antigen. 

[0123] A humanized antibody has one or more amino acid residues introduced into it from a source which is non- 
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human. These non-human amino acici residues are often referred to as "import" residues, which are typically taken from 
an "import" variable domain. Humanization can be essentially performed following the method of winter and co-workers 
(Jones et aL, Nature , 321:522-525 (1986); Riechmann et aL, Nature , 332:323-327 (1988); Verhoeyen et aL, Science , 
239:1534-1536 (1988)), by substituting rodent CDRs orCDR sequences for the corresponding sequences of a human 

5 antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,81 6,567) wherein sub- 
stantially less than an intact human variable domain has been substituted by the corresponding sequence from a non- 
human species. In practice, humanized antibodies are typically human antibodies in which some CDR residues and 
possibly some FR residues are substituted by residues from analogous sites in rodent antibodies. 
[0124] The choice of human variable domains, both light and heavy, to be used in making the humanized antibodies 

10 is very important to reduce antigenicity. According to the so-called "best-fit" method, the sequence of the variable domain 
of a rodent antibody is screened against the entire library of known human variable-domain sequences. The human 
sequence which is closestto that of the rodent is then accepted as the human framework (FR) forthe h umanized antibody 
(Sims et al., J. Immunol., 151 ;2296 (1 993); Chothia et al., J. Moi. Biol. , 1 96:901 (1 997)). Another method uses a particular 
framework derived from the consensus sequence of all human antibodies of a particular subgroup of light or heavy 

15 chains. The same framework may be used for several different humanized antibodies (carter et al., Froc. Natl. Acad. 
Sci, USA , 89:4285 (1 992); Presta et al., J. Immnot., 151 :2623 (1 993)). 

[0125] It is further important that antibodies be humanized with retention of high affinity for the antigen and other 
favorable biological properties. To achieve this goal, according to a preferred method, humanized antibodies are prepared 
by a process of analysis of the parental sequences and various conceptual humanized products using three-dimensional 

20 models of the parental and humanized sequences. Three-dimensional immunoglobulin models are commonly available 
and are familiar to those skilled in the art. Computer programs are available which illustrate and display probable three- 
dimensional conformational structures of selected candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the functioning of the candidate immunoglobulin sequence, i,e., the 
analysis of residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues 

25 can be selected and combined from the recipient and import sequences so that the desired antibody characteristic, such 
as increased affinity forthe target antigen(s), is achieved. In general, the CDR residues are directly and most substantially 
involved in influencing antigen binding. 

[0126] Alternatively, it is now possible to produce transgenic animals {e.g., mice) that are capable, upon immunization, 
ofproducingafuli repertoire of human antibodiesin the absence of endogenous immunoglobulin production. Forexample, 

30 it has been described that the homozygous deletion of the antibody heavy-chain joining region (J H ) gene in chimeric 
and germ-line mutant mice results in complete inhibition of endogenous antibody production. Transfer of the human 
germ-line immunoglobulin gene array in such germ-line mutant mice will result in the production of human antibodies 
upon antigen challenge. See, e.g., Jakobovits at al., Proc. Natl. Acad. Scj. USA , 90:2551 (1993); Jakobovits et al., 
Nature, 362:255-258 (1993); Bruggermann et al., Year in Immune , 7:33 (1993); and Durhosal et al., Nature, 355 :258 

35 (1992). Human antibodies can also be derived from phage-display libraries (Hoogenboom et al., J. Mol. Biol. , 227 :381 
(1991); Marks et aL, J. Mol. Biol. , 222:581 -597 (1991); Vaughan et aL, Nature Biotech, 14:309 (1996)). 
[0127] As described in the Examples below, particular anti-APRIL antibodies have been prepared. Four of these 
antibodies, 3C6.4.2, 5G8.2.2, 5E8.7.4, and 5E1 1 .1.2, have been deposited with ATCC, and have been assigned acces- 
sion numbers PTA-1347, PTA-1345, PTA-1344and PTA-1346. In one embodiment, the anti-APRIL antibodies disclosed 

40 herein will have the same biological characteristics as the monoclonal antibodies secreted by the hybridoma ceil lines 
deposited under accession numbers PTA-1347, PTA-1345, PTA-1344 or PTA-1346. Theterm "biological characteristics" 
is used to refer to the in vitro and/or in vivo activities or properties of the monoclonal antibody, such as the ability to bind 
to APRIL or to substantially block or reduce TACI or BCMA binding or activation by APRIL Optionally, the anti-APRIL 
monoclonal antibody will have the same blocking activity as the 3C6.4.2 antibody, as determined by its ability to block 

45 binding of APRIL to TACI or BCMA. Optionally, the anti-APRIL monoclonal antibody will bind to the same epitope as 
the 5G8.2.2 antibody, the 5E8.7.4 antibody, the 3C6.4.2 antibody or the 5E1 1.1.2 antibody disclosed in the Examples 
below. Such epitope binding property can be determined for instance in a competitive inhibition binding assay, which 
techniques are known in the art. Such an anti-APRIL antibody will preferably competitively inhibit binding of either the 
SG8.2.2 antibody, the 5E8.7.4 antibody, the 3C6.4.2 antibody or the 5E1 1.1 .2 antibody to APRIL. It is contemplated 

so that chimeric or humanized anti-APRIL antibodies can be constructed (such as by using the techniques described above) 
using or incorporating selected fragments or domain sequences from any of the afore-mentioned deposited anti-APRIL 
antibodies. 

B. ASSAY METHODS 

55 

[0128] Ligand/reeeptor binding studies may be carried out in any known assay method, such as competitive binding 
assays, direct and indirect sandwich assays, and immunoprecipitation assays. Cell-based assays and animal models 
can be used to further understand the interaction between the ligands and receptors identified herein and the development 
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and pathogenesis of the conditions and diseases referred to herein. 

[0129] In one approach, mammalian cells may be transfected with the iigands or receptors described herein, and the 
ability of the agonists or antagonists to stimulate or inhibit binding or activity is analyzed, Suitable cells can be transfected 
with the desired gene, and monitored for activity. Such transfected ceil lines can then be used to test the ability of 
5 antagonist(s) or agonist(s) to inhibit or stimulate, for example, to modulate B-cell proliferation or Ig secretion. Cells 
transfected with the coding sequence of the genes identified herein can further be used to identify drug candidates for 
the treatment of immune related diseases or cancer. 

[0130] In addition, primary cultures derived from transgenic animals can be used in the celi-based assays. Techniques 
to derive continuous cell lines from transgenic animals are well known in the art. [see, e.g., Small et al., Mol. Cell. BioL, 
10 5:642-648 (1985)]. 

[0131] One suitable cell based assay is the addition of epitope-tagged ligand (e.g., AP or Flag) to cells that have or 
express the respective receptor, and analysis of binding (in presence or absence or prospective antagonists) by FACS 
staining with anti-tag antibody. In another assay, the ability of an antagonist to inhibit the TALL-1 or APRIL induced 
proliferation of B cells is assayed. B cells or cell lines are cultured with TALL-1 or APRIL in the presence or absence or 

is prospective antagonists and the proliferation of B cells can be measured by 3 H-thymidine incorporation or ceil number. 
[0132] The results of the cell based in vitro assays can be further verified using in vivo animal models. A variety of 
well known animal models can be used to further understand the role of the agonists and antagonists identified herein 
in the development and pathogenesis of for instance, immune related disease or cancer, and to test the efficacy of the 
candidate therapeutic agents. The in vivo nature of such models makes them particularly predictive of responses in 

20 human patients. Animal models of immune related diseases include both non-recombinant and recombinant (transgenic) 
animals. Non-recombinant animal models include, for example, rodent, e.g., murine models. Such models can be gen- 
erated by introducing cells into syngeneic mice using standard techniques, e.g. subcutaneous injection, tail vein injection, 
spleen implantation, intraperitoneal implantation, and implantation under the renal capsule. 

[0133] Animal models, for example, for graft-versus-host disease are known. Graft-versus-host disease occurs when 
25 immunocompetent cells are transplanted into immunosuppressed or tolerant patients. The donor cells recognize and 
respond to host antigens. The response can vary from life threatening severe inflammation to mild cases of diarrhea 
and weight loss. Graft-versus-host disease models provide a means of assessing T cell reactivity against MHC antigens 
and minor transplant antigens. A suitable procedure is described in detail in Current Protocols in Immunology, unit 4.3. 
[01 34] An animal model for skin allograft rejection is a means of testing the ability of T cells to mediate in vivo tissue 
30 destruction which is indicative of and a measure of their role in anti-viral and tumor immunity. The most common and 
accepted models use murine tail-skin grafts. Repeated experiments have shown that skin allograft rejection is mediated 
byTcells, helperT cells and kilier-effectorT cells, and not antibodies. [Auchincloss, H. Jr. and Sachs, D. H., Fundamental 
Immunology , 2nd ed., W. E. Paul ed., Raven Press, NY, 1989, 889-992]. A suitable procedure is described in detail in 
Current Protocols in Immunology, unit 4.4. Other transplant rejection models which can be used to test the compositions 
35 of the invention are the allogeneic heart transplant models described by Tanabe, M. et al., Transplantation , (1 994) 58: 
23 and Tinubu, S. A. et al., J. Immunol. , (1994) 4330-4338. 

[0135] Animal models for delayed type hypersensitivity provides an assay of cell mediated immune function as well. 
Delayed type hypersensitivity reactions are a T cell mediated in vivo immune response characterized by inflammation 
which does not reach a peak until after a period of time has elapsed after challenge with an antigen. These reactions 
40 also occur in tissue specific autoimmune diseases such as multiple sclerosis (MS) and experimental autoimmune en- 
cephalomyelitis (EAE, a model for MS). A suitable procedure is described in detail in Current Protocols in Immunology, 
unit 4.5. 

[0136] An animal model for arthritis is collagen-induced arthritis. This model shares clinical, histological and immuno- 
logical characteristics of human autoimmune rheumatoid arthritis and is an acceptable model for human autoimmune 

45 arthritis. Mouse and rat models are characterized by synovitis, erosion of cartilage andsubchondral bone.Thecompounds 
of the invention can be tested for activity against autoimmune arthritis using the protocols described in Current Protocols 
in Immunology, above, units 15.5. See also the model using a monoclonal antibody to CD18 and VLA-4 integrins 
described in Issekutz, A. C. et al., Immunology , (1996) 88:569. Example 10 below further describes a CIA murine model. 
[0137] A model of asthma has been described in which antigen-induced airway hyper- re activity, pulmonary eosinophilia 

50 and inflammation are induced by sensitizing an animal with ovalbumin and then challenging the animal with the same 
protein delivered by aerosol. Several animal models (guinea pig, rat, non-human primate) show symptoms similar to 
atopic asthma in humans upon challenge with aerosol antigens. Murine models have many of the features of human 
asthma. Suitable procedures to test the compositions of the invention for activity and effectiveness in the treatment of 
asthma are described by Wolyniec, W. W. et al., Am. J. Respir. Cell Mol. BioL , (1998) 16:777 and the references cited 

55 therein. 

[0138] Additionally, the compositions of the invention can be tested on animal models for psoriasis like diseases. The 
compounds of the invention can be tested in the acid/scid mouse model described by Schon, M. P. et aL, Nat. Med. , 
(1997) 3:183, in which the mice demonstrate histopathologic skin lesions resembling psoriasis. Another suitable model 
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is the human skin/scid mouse chimera prepared as described by Nickoioff, B. J. et aL, Am. J. Path., (1995) 146:580. 
[0139] Various animal models are well known for testing anti-cancer activity of a candidate therapeutic composition. 
These include human tumor xenografting into athymic nude mice or scid/scid mice, or genetic murine tumor models 
such as p53 knockout mice. 

s [01 40] Recombinant (transgenic) animal models can be engineered by introducing the coding portion of the molecules 
identified herein into the genome of animals of interest, using standard techniques for producing transgenic animals. 
Animals that can serve as a target for transgenic manipulation include, without limitation, mice, rats, rabbits, guinea pigs, 
sheep, goats, pigs, and non-human primates, e.g. baboons, chimpanzees and monkeys. Techniques known in the art 
to introduce a transgene into such animals include pronucleic microinjection (Hoppe and Wanger, U.S. Patent No. 

10 4,873,191); retrovirus-mediated gene transfer into germ lines (e.g., Van der Putten et aL, Proc. Natl. Acad. Sci. USA, 
82, 61 48-61 5 [1 985]); gene targeting in embryonic stem cells (Thompson et aL, Cell, 56, 31 3-321 [1 989]); electroporation 
of embryos (Lo, Moi. Cel. Biol. , 3, 1803-1814 [1963]); sperm-mediated gene transfer (Lavitrano et aL, Cell, 57, 717-73 
[1 989]). For review, see, for example, U.S. Patent No. 4,736,866. 

[01 41 ] For the purpose of the present invention, transgenic animals include those that carry the tranagene only in part 
15 of their cells ("mosaic animals"). The transgene can be integrated either as a single transgene, or in concatamers, e.g., 
head-to-head or head-to-taif tandems. Selective introduction of a transgene into a particular cell type is also possible 
by following, for example, the technique of Lasko et aL, Proc. Natl. Acad. Sci. USA, 89 , 6232-636 (1992). 
[0142] -The expression of the transgene in transgenic animals can be monitored by standard techniques. For example, 
Southern blot analysis or PCR amplification can be used to verify the integration of the transgene. The level of mRNA 
20 expression can then be analyzed using techniques such as in situ hybridization, Northern blot analysis, PCR, or immu- 
nocytochemistry. The animals may be further examined for signs of immune disease pathology, for example by histological 
examination to determine infiltration of immune ceils into specific tissues or for the presence of cancerous or malignant 
tissue. 

[0143] Alternatively, "knock out" animals can be constructed which have a defective or altered gene encoding a 

25 polypeptide identified herein, as a result of homologous recombination between the endogenous gene encoding the 
polypeptide and altered genomic DNA encoding the same polypeptide introduced into an embryonic cell of the animal. 
For example, cDNA encoding a particular polypeptide can be used to clone genomic DNA encoding that polypeptide in 
accordance with established techniques. A portion of the genomic DNA encoding a particular polypeptide can be deleted 
or replaced with another gene, such as a gene encoding a selectable marker which can be used to monitor integration. 

so Typically, several ktlobases of unaltered flanking DNA (both at the 5' and 3' ends) are included in the vector [see e.g., 
Thomas and Capecchi, Cell, 51:503 (1987) for a description of homologous recombination vectors). The vector is 
introduced into an embryonic stem cell line (e.g., by electroporation) and cells in which the introduced DNA has homol- 
ogously recombined with the endogenous DNA are selected [see e.g., Li et aL, Cell, 69:915 (1992)]. The selected cells 
are then injected into a blastocyst of an animal (e.g., a mouse or rat) to form aggregation chimeras [see e.g., Bradley, 

35 in Teratocarcinomas and Embryonic Stem Ceils: A Practical Approach, E. J. Robertson, ed. (IRL, Oxford, 1987), pp. 
1 1 3-1 52). A chimeric embryo can then be implanted into a suitable pseudopregnant female foster animal and the embryo 
brought to term to create a "knock out" animal. Progeny harboring the homologousiy recombined DNA in their germ cells 
can be identified by standard techniques and used to breed animals in which all cells of the animal contain the homol- 
ogousiy recombined DNA. Knockout animals can be characterized for instance, for their ability to defend against certain 

40 pathological conditions and for their development of pathological conditions due to absence of the polypeptide. 

C. FORMULATIONS 

[0144] The antagonists or agonists described herein are preferably employed in a carrier. Suitable carriers and their 
45 formulations are described in Remington's Pharmaceutical Sciences , 16th ed., 1980, Mack Publishing Co., edited by 
Oslo et al. Typically, an appropriate amount of a pharmaceutically-acceptable salt is used in the carrier to render the 
formulation isotonic, Examples of the carrier include saline, Ringer's solution and dextrose solution.The pH of the solution 
is preferably from aboutS to about 8, and more preferably from about 7.4 to about 7.8. It will be apparent to those persons 
skilled in the art that certain carriers may be more preferable depending upon, for instance, the route of administration 
so and concentration of agent being administered. The carrier may be in the form of a lyophilized formulation or aqueous 
solution. 

[01 45] Acceptable carriers, excipients, or stabilizers are preferably nontoxic to ceils and/or recipients at the dosages 
and concentrations employed, and include buffers such as phosphate, citrate, and other organic acids; antioxidants 
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyi ammonium chloride: hexame- 
55 thonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such 
as methyl or propyl paraben; catechol; resorcinol; cyclohexanof; 3-pentanol; and m-cresol); low molecular weight (less 
than about 1 0 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophiiic polymers 
such as polyvinylpyrrolidone; amino acids such as glycine, giutamins, asparagine, histidine, arginine, or lysine; mon- 
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osaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents such 
as EDTA; sugars such as sucrose, rnannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; and/or 
non-ionic surfactanta such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). 

[0146] The formulation may also contain more than one active compound as necessary for the particular indication 
5 being treated, preferably those with complementary activities that do not adversely affect each other. 

[0147] The antagonist or agonist may also be entrapped in microcapsules prepared, for example, by coacervation 
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin- microcapsules and po- 
ly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques are disclosed 
10 ' n Remington's Pharmaceutical Sciences 16th edition, Oslo, A. Ed. (1980). 

[0148] The formulations to be used for in vivo administration should be sterile. This is readily accomplished by filtration 
through sterile filtration. membranes. 

[0149] Sustained- re lease preparations may be prepared. Suitable examples of sustained-release preparations include 
semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form of shaped 

15 articles, e.g. films, or microcapsules, Examples of sustained-release matrices include polyesters, hydrogels (for example, 
poly(2-hydroxyethyImethacrylate), orpoly(vinylalcohol)), polylactides (U.S. Pat No. 3,773,91 9), copolymers of L-glutamic 
acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers 
such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide 
acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid-glycolic 

20 acid enable release of molecules for over 1 00 days, certain hydrogels release proteins for shorter time periods. 

D. MODES OF THERAPY 

[0150] The antagonist or agonist molecules described herein are useful in treating various pathological conditions, 
25 such as immune related diseases or cancer. These conditions can be treated by stimulating or inhibiting a selected 
activity associated with TALL-1 , APRIL, TACI or BCMA in a mammal through administration of one or more antagonists 
or agonists of the invention. 

[0151] Diagnosis in mammals of the various pathological conditions described herein can be made by the skilled 
practitioner. Diagnostic techniques are available in the art which allow, e.g., for the diagnosis or detection of cancer or 
30 immune related disease in a mammal. For instance, cancers may be identified through techniques, including but not 
limited to, palpation, blood analysis, x-ray, NMR and the like. Immune related diseases can also be readily identified. In 
systemic lupus erythematosus, the central mediator of disease is the production of auto-reactive antibodies to self 
proteins/tissues and the subsequent' generation of immune-mediated inflammation, Multiple organs and systems are 
affected clinically including kidney, lung, musculoskeletal system, mucocutaneous, eye, central nervous system, cardi- 
es ovascular system, gastrointestinal tract, bone marrow and blood. 

[0152] Rheumatoid arthritis (RA) is a chronic systemic autoimmune inflammatory disease that mainly involves the 
synovial membrane of multiple joints with resultant injury to the articular cartilage. The pathogenesis is T lymphocyte 
dependent and is associated with the production of rheumatoid factors, auto-antibodies directed against self IgG, with 
the resultant formation of immune complexes that attain high levels in joint fluid and blood. These complexes in the joint 
40 may induce the marked infiltrate of lymphocytes and monocytes into the synovium and subsequent marked synovial 
changes; the joint space/fluid if infiltrated by similar cells with the addition of numerous neutrophils. Tissues affected are 
primarily the joints, often in symmetrical pattern. However, extra-articular disease also occurs in two major forms. One 
form is the development of extra-articular lesions with ongoing progressive joint disease and typical lesions of pulmonary 
fibrosis, vasculitis, and cutaneous ulcers. The second form of extra- articular disease is the so called Feity's syndrome 
45 which occurs late in the RA disease course, sometimes after joint disease has become quiescent, and involves the 
presence of neutropenia, thrombocytopenia and splenomegaly. This can be accompanied by vasculitis in multiple organs 
with formations of infarcts, skin ulcers and gangrene. Patients often also develop rheumatoid nodules in the subcutis 
tissue overlying affected joints; the noduies late stage have necrotic centers surrounded by a mixed inflammatory ceil 
infiltrate. Other manifestations which can occur in RA include: pericarditis, pleuritis, coronary arteritis, intestitial pneu- 
50 monitis with pulmonary fibrosis, keratoconjunctivitis sicca, and rhematoid nodules. 

[01 53] Juvenile chronic arthritis is a chronic idiopathic inflammatory disease which begins often at less than 1 6 years 
of age. Its phenotype has some similarities to RA; some patients which are rhematoid factor positive are classified as 
juvenile rheumatoid arthritis. The disease is sub-classified into three major categories: pauciarticular, polyarcieular, and 
systemic. The arthritis can be severe and is typically destructive and leads to joint ankylosis and retarded growth. Other 
55 manifestations can include chronic anterior uveitis and systemic amyloidosis. 

[0154] Spondyloarthropathies are a group of disorders with some common clinical features and the common associ- 
ation with the expression of HLA-B27 gene product. The disorders include: ankylosing sponylitis, Reiter's syndrome 
(reactive arthritis), arthritis associated with inflammatory bowel disease, spondylitis associated with psoriasis, juvenile 
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onset spondyloarthropathy and undifferentiated spondyloarthropathy. Distinguishing features include sacroileitis with or 
without spondylitis; inflammatory asymmetric arthritis; association with HLA-B27 (a serologically defined allele of the 
HLA-B locus of class I MHC); ocular inflammation, and absence of autoantibodies associated with other rheumatoid 
disease. The ceil most implicated as key to induction of the disease is the CD8+ T lymphocyte, a cell which targets 
5 antigen presented by class I MHC molecules. CoB+ T cells may react against the class I MHC allele HLA-827 as if it 
were a foreign peptide expressed by MHC class I molecules. It has been hypothesized that an epitope of HLA-B27 may 
mimic a bacterial or other microbial antigenic epitope and thus induce a CD8+ T cells response. 

[01 55] Systemic sclerosis (scleroderma) has an unknown etiology. A hallmark of the disease is induration of the skin; 
likely this is induced by an active inflammatory process. Scleroderma can be localized or systemic; vascular lesions are 

10 common and endothelial cell injury in the microvasculature is an early and important event in the development of systemic 
sclerosis; the vascular injury may be immune mediated. An immunologic basis is implied by the presence of mononuclear 
cell infiltrates in the cutaneous lesions and the presence of anti-nuclear antibodies in many patients. ICAM-1 is often 
upregulated on the cell surface of fibroblasts in skin lesions suggesting that T cell interaction with these cells may have 
a role in the pathogenesis of the disease. Other organs involved include: the gastrointestinal tract: smooth muscle atrophy 

15 and fibrosis resulting in abnormal peristalsis/motility; kidney: concentric subendothelial intimai proliferation affecting 
small arcuate and interlobular arteries with resultant reduced renal cortical blood flow, results in proteinuria, azotemia 
and hypertension; skeletal muscle: atrophy, interstitial fibrosis; inflammation; lung: interstitial pneumonitis and interstitial 
fibrosis; and heart: contraction band necrosis, scarring/fibrosis. 

[01 56] Idiopathic inflammatory myopathies including dermatomyositis, polymyositis and others are disorders of chronic 
20 muscle inflammation of unknown etiology resulting in muscle weakness. Muscle injury/inflammation is often symmetric 

and progressive. Autoantibodies are associated with most forms. These myositis-specific autoantibodies are directed 

against and inhibit the function of components, proteins and RNA's, involved in protein synthesis. 

[0157] Sjogren's syndrome is due to immune-mediated inflammation and subsequent functional destruction of the 

tear glands and salivary glands, The disease can be associated with or accompanied by inflammatory connective tissue 
25 diseases. The disease is associated with autoantibody production against Ro and La antigens, both of which are small 

RNA-protein complexes. Lesions result in keratoconjunctivitis sicca, xerostomia, with other manifestations or associations 

including bilary cirrhosis, peripheral or sensory neuropathy, and palpable purpura. 

[0158] Systemic vasculitis are diseases in which the primary lesion is inflammation and subsequent damage to blood 
vessels which results in ischemia/necrosis/degeneration to tissues supplied by the affected vessels and eventual end- 
so organ dysfunction in some cases. Vasculitides can also occur as a secondary lesion or sequelae to other immune- 
inflammatory mediated diseases such as rheumatoid arthritis, systemic sclerosis, etc., particularly in diseases also 
associated with the formation of immune complexes. Diseases in the primary systemic vasculitis group include: systemic 
necrotizing vasculitis; polyarteritis nodosa, allergic angiitis and granulomatosis, polyangiitis; Wegener's granulomatosis; 
lymphomatoid granulomatosis; and giant cell arteritis. Miscellaneous vasculitides include: mucocutaneous lymph node 
35 syndrome (MLNS or Kawasaki's disease), isolated CNS vasculitis, Behet's disease, thromboangiitis obliterans (Buerger's 
disease) and cutaneous necrotizing venulitis. The pathogenic mechanism of most of the types of vasculitis listed is 
believed to be primarily due to the deposition of immunoglobulin complexes in the vessef wall and subsequent induction 
of an inflammatory response either via ADCC, complement activation, or both. 

[0159] Sarcoidosis is a condition of unknown etiology which is characterized by the presence of epithelioid granulomas 
40 in nearly any tissue in the body; involvement of the lung is most common. The pathogenesis involves the persistence 
of activated macrophages and lymphoid cells at sites of the disease with subsequent chronic sequelae resultant from 
the release of locally and systemically active products released by these cell types. 

[01 60] Autoimmune hemolytic anemia including autoimmune hemolytic anemia, immune pancytopenia, and paroxys- 
mal noctural hemoglobinuria is a result of production of antibodies that react with antigens expressed on the surface of 

45 red blood cells (and in some cases other blood cells including platelets as well) and is a reflection of the removal of 
those antibody coated ceils via complement mediated lysis and/or ADCC/Fc-receptor-madiated mechanisms. 
[0161] In autoimmune thrombocytopenia including thrombocytopenic purpura, and immune-mediated thrombocyto- 
penia in other clinical settings, platelet destruction/removal occurs as a result of either antibody or complement attaching 
to platelets and subsequent removal by complement lysis, ADCC or FC-receptor mediated mechanisms. 

50 [0162] Thyroiditis including Grave's disease, Hashimoto's thyroiditis, juvenile lymphocytic thyroiditis, and atrophic 
thyroiditis, are the result of an autoimmune response against thyroid antigens with production of antibodies that react 
with proteins present in and often specific for the thyroid gland. Experimental models exist including spontaneous models: 
rats (BUF and BB rats) and chickens (obese chicken strain); inducible models: immunization of animals with either 
thyroglobulin, thyroid microsomal antigen (thyroid peroxidase). 

55 [01 63] Type I diabetes mellitus or insulin-dependent diabetes is the autoimmune destruction of pancreatic islet p cells; 
this destruction is mediated by auto-antibodies and auto-reactive T cells. Antibodies to insulin or the insulin receptor can 
also produce the phenotype of insulin-non-responsiveness. 

[0164] Immune mediated renal diseases, including glomerulonephritis and tubulointerstitial nephritis, are the result of 
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antibody or T lymphocyte mediated injury to renai tissue either directly as a resuit of the production of autoreactive 
antibodies or T cells against renal antigens or indirectly as a result of the deposition of antibodies and/or immune 
complexes in the kidney that are reactive against other, non-renal antigens. Thus other immune-mediated diseases that 
result in the formation of immune-complexes can also induce immune mediated renal disease as an indirect sequelae. 
5 Both direct and indirect immune mechanisms result in inflammatory response that produces/induces iesion development 
in renal tissues with resultant organ function impairment and in some cases progression to rena! failure. Both humoral 
and cellular immune mechanisms can be involved in the pathogenesis of lesions. 

[0165] Demyelinating diseases of the central and peripheral nervous systems, including Multiple Sclerosis; idiopathic 
demyelinating polyneuropathy or Guillain-Barr syndromes and Chronic Inflammatory Demyelinating Polyneuropathy, 

10 are believed to have an autoimmune basis and result in nerve demyelination as a result of damage caused to oligodendro- 
cytes or to myelin directly. In MS there is evidence to suggest that disease induction and progression is dependent on 
T lymphocytes. Multiple Sderosis is a demyelinating disease that is T lymphocyte-dependent and has either a relapsing- 
remitting course or a chronic progressive course. The etiology is unknown; however, viral infections, genetic predispo- 
sition, environment, and autoimmunity all contribute. Lesions contain infiltrates of predominantly T lymphocyte mediated, 

15 microglia! cells and infiltrating macrophages; CD4+T lymphocytes are the predominant cell type at lesions. The mech- 
anism of oligodendrocyte cell death and subsequent demyelination is not known but is likely T lymphocyte driven. 
[0166] Inflammatory and Fibrotic Lung Disease, including Eosinophilic Pneumonias; Idiopathic Pulmonary Fibrosis, 
and Hypersensitivity Pneumonitis may involve a disregulated immune-inflammatory response. Inhibition of that response 
would be of therapeutic benefit. 

20 [0167] Autoimmune or immune-mediated Skin Disease including Bullous Skin Diseases, Erythema Multiforme, and 
Contact Dermatitis are mediated by auto-antibodies, the genesis of which is T lymphocyte-dependent. 
[0168] esoriasis is a T lymphocyte-mediated inflammatory disease. Lesions contain infiltrates of T lymphocytes, mac- 
rophages and antigen processing cells, and some neutrophils. 

[0169] Allergic diseases, including asthma; allergic rhinitis; atopic dermatitis; food hypersensitivity; and urticaria are 
25 t lymphocyte dependent These diseases are predominantly mediated by T lymphocyte induced inflammation, IgE 
mediated-inflammation or a combination of both. 

[0170] Transplantation associated diseases, including Graft rejection and Graft- Versus-Host-Disease (GVHD) are T 
lymphocyte-dependent; inhibition of T lymphocyte function is ameliorative. 

[0171] Other diseases in which intervention of the immune and/or inflammatory response have benefit are Infectious 
30 disease including but not limited to viral infection (including but not limited to AIDS, hepatitis A, B, C, D, E) bacterial 
infection, fungal infections, and protozoal and parasitic infections (molecules (or derivatives/agonists) which stimulate 
the MLR can be utilized therapeutically to enhance the immune response to infectious agents), diseases of immunode- 
ficiency (molecules/derivatives/agonists) which stimulate the MLR can be utilized therapeutically to enhance the immune 
response for conditions of inherited, acquired, infectious induced (as in HIV infection), or iatrogenic (i.e. as from chem- 
35 otherapy) immunodeficiency), and neoplasia. 

[0172] The antagonist(s) or agonist(s) can be administered in accord with known methods, such as intravenous ad- 
ministration as a bolus or by continuous infusion over a period of time, by intramuscular, intraperitoneal, intracerebrospinal, 
subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. Optionally, administration may 
be performed through mini-pump infusion using various commercially available devices. The antagonists or agonists 
may also be employed using gene therapy techniques which have been described in the art. 

[0173] Effective dosages and schedules for administering antagonists or agonists may be determined empirically, and 
making such determinations is within the skill in the art. Single or multiple dosages may be employed. It is presently 
believed that an effective dosage or amount of antagonist or agonist used alone may range from about 1 |xg/kg to about 
100 mg/kg of body weight or more per day. Interspecies scaling of dosages can be performed in a manner known in the 

45 art > e -Q- > as disclosed in Mordenti et a!., Pharmaceut. Res. , 8:1351 (1991). 

[0174] When in vivo administration of an agonist or antagonist thereof is employed, normal dosage amounts may vary 
from about 10 ng/kg to up to 100 mg/kg of mammal body weight or more per day, preferably about 1 (xg/kg/day to 10 
mg/kg/day, depending upon the route of administration. Guidance as to particular dosages and methods of delivery is 
provided in the literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344; or 5,225,212. It is anticipated that 

50 different formulations will be effective for different treatment compounds and different disorders, that administration 
targeting one organ or tissue, for example, may necessitate delivery in a manner different from that to another organ or 
tissue. Those skilled in the art will understand that the dosage of antagonist or agonist that must be administered will 
vary depending on, for example, the mammal which will receive the agonist or antagonist, the route of administration, 
and other drugs or therapies being administered to the mammal. 

55 [0175] Depending on the type of cells and/or severity of the disease, about 1 /xg/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) 
of antagonist antibody or agonist antibody is an initial candidate dosage for administration, whether, for example, by 
one or more separate administrations, or by continuous infusion. Atypical daily dosage might range from about 1 jmg/kg 
to 100 mg/kg or more, depending on the factors mentioned above. For repeated administrations over several days or 
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longer, depending on the condition, the treatment is sustained until a desired suppression of disease symptoms occurs. 
However, other dosage regimens may be useful. 

[0176] Optionally, prior to administration of any antagonist or agonist, the mammal or patient can be tested to determine 
levels or activity of TALL-1 or APRIL, or TACf or BCMA. Such testing may be conducted by ELISA or FACS of serum 

5 samples or peripheral blood leukocytes. 

[0177] A single type of antagonist or agonist may be used in the methods of the invention, For example, a TALL-1 
antagonist, such as a TACI receptor immunoadhesin molecule, may be administered. Alternatively, the skilled practitioner 
may opt to employ a combination of antagonists or agonists in the methods, e.g., a combination of a TACI receptor 
immunoadhesin and an anti-AFRIL antibody. It may further be desirable to employ a dual antagonist, i.e., an antagonist 

10 which acts to block or inhibit both TALL-1 and APRIL. Such an antagonist molecule may, for instance, bind to epitopes 
conserved between TALL-1 and APRIL, or TACI and BCMA. 

[0178] It is contemplated that yet additional therapies may be employed in the methods. The one or more other 
therapies may include but are not limited to, administration of radiation therapy, cytokine(s), growth inhibitory agent(s), 
chemotherapeutic agent(s), cytotoxic agent(s), tyrosine kinase inhibitors, rasfarnesyl transferase inhibitors, angiogenesis 
15 inhibitors, and cyclin-dependent kinase inhibitors which are known in the art and defined further with particularity in 
Section I above. In addition, therapies based on therapeutic antibodies that target tumor antigens such as Rituxan™ or 
Herceptin™ as well as anti-angiogenic antibodies such as anti-VEGF. 

[0179] Preparation and dosing schedules for chemotherapeutic agents may be used according to manufacturers' 
instructions or as determined empirically by the skilled practitioner. Preparation and dosing schedules for such chemo- 
20 therapy are also described in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD (1992). The 
chemotherapeutic agent may precede, or follow administration of, e.g. an antagonist, or may be given simultaneoualy 
therewith. The antagonist may also be combined with an anti-oestrogen compound such as tamoxifen or an anti-pro- 
gesterone such as onapristone (see, EP 616812) in dosages known for such molecules. 

[0180] It may be desirable to also administer antibodies against other antigens, such as antibodies which bind to 
25 CD20, CD1 1a, CD1S, CD40, ErbB2, EGFR, ErbB3, ErbB4, or vascular endothelial factor (VEGF). Alternatively, or in 
addition, two or more antibodies binding the same or two or more different antigens disclosed herein may be co-admin- 
istered to the patient. Sometimes, it may be beneficial to also administer one or more cytokines to the patient, in one 
embodiment, the antagonists herein are co-administered with a growth inhibitory agent. For example, the growth inhibitory 
agent may be administered first, followed by an antagonist of the present invention. 
30 [0181] The antagonist or agonist (and one or more other therapies) maybe administered concurrently or sequentially. 
Following administration of antagonist or agonist, treated cells in vitro can be analyzed-Where there has been in vivo 
treatment, a treated mammal can be monitored in various ways well known to the skilled practitioner. For instance, 
markers of B cell activity such as Ig production (non-specific or antigen specific) can be assayed. 

35 III. METHODS OF SCREENING 

[0182] The Invention also encompasses methods of screening molecules to identify those which can act as agonists 
orantagonists ofthe APRIL/I AC l/BCM A interaction orthe TALL- 1/TACI/BCM A interaction. Such molecules may comprise 
small molecules or polypeptides, including antibodies. Examples of small molecules include, but are not limited to, small 

40 peptides or peptide-like molecules, preferably soluble peptides, and synthetic non-paptidyl organic or inorganic com- 
pounds. The screening assays for drug candidates are designed to identify compounds ormoiecules that bind or complex 
with the ligand or receptor polypeptides identified herein, or otherwise interfere with the interaction of these polypeptides 
with otherceliular proteins. Suchscreening assays will include assays amenableto high-throughputscreening of chemical 
libraries, making them particularly suitable for identifying small molecule drug candidates. 

45 [0183] The assays can be performed in a variety of formats, including protein-protein binding assays, biochemical 
screening assays, immunoassays, and cell-based assays, which are well characterized in the art. 
[0184] Assays for, for instance, antagonists are common in that they call for contacting the drug candidate with a 
ligand or receptor polypeptide identified herein under conditions and for a time sufficient to allow these two components 
to interact. 

50 [01 85] In binding assays, the interaction is binding and the complex formed can be isolated or detected in the reaction 
mixture. In a particular embodiment, the ligand or receptor polypeptide identified herein orthe drug candidate is immo- 
bilized on a solid phase, e.g., on a microtiter plate, by covalent or non-covalent attachments. Non-covalent attachment 
generally is accomplished by coating the solid surface with a solution of the ligand or receptor polypeptide and drying. 
Alternatively, an immobilized antibody, e,g., a monoclonal antibody, specific for the ligand or receptor polypeptide to be 

55 immobilized can be used to anchoritto a solid surface. The assay is performed by adding the non-immobilized component, 
which may be labeled by a detectable label, to the immobilized component, e.g., the coated surface containing the 
anchored component When the reaction is complete, the non-reacted components are removed, e.g., by washing, and 
complexes anchored on the solid surface are detected, when the originally non-immobilized component carries a de- 
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tectable label, the detection of label immobilized on the surface indicates that complexing occurred. Where the originally 
non-immobilized component does not carry a label, complexing can be detected, for example, by using a labeled antibody 
specifically binding the immobilized complex. 

[0186] If the candidate compound interacts with but does not bindto a particular ligand or receptorpolypeptide identified 

5 herein, its interaction with that polypeptide can be assayed by methods well known for detecting protein -protein inter- 
actions. Such assays include traditional approaches, such as, e.g., cross-linking, co-immunoprecipitation, and co-puri- 
fication through gradients or chromatographic columns. In addition, protein-protein interactions can be monitored by 
using a yeast-based genetic system described by Fields and co-workers (Fields and Song, Nature (London) , 340:245-246 
(1999); Chien et ai., Proc. Natl. Acad. Sci. USA , 88:9578-9582 (1991)) as disclosed by Chevray and Nathans, Proc. 

10 Natl. Acad. Sci. USA , 89: 5789-5793 (1991). Many transcriptional activators, such as yeast GAL4, consist of two physically 
discrete modular domains, one acting as the DNA-binding domain, the other one functioning as the transcription- activation 
domain. The yeast expression system described in the foregoing publications (generally referred to as the "two-hybrid 
system") takes advantage of this property, and employs two hybrid proteins, one in which the target protein is fused to 
the DNA-binding domain of GAL4, and another, in which candidate activating proteins are fused to the activation domain. 

15 The expression of a GAL1 -facz reporter gene under control of a GAL4-activated promoter depends on reconstitution of 
GAL4 activity via protein -protein interaction. Colonies containing interacting polypeptides are detected with a chromog- 
enicsubstrate for p-galactosidase. A complete kit (MATCHMAKER™) for identifying protein-protein interactions between 
two specific proteins using the two-hybrid technique is commercially available from Clontech. This system can also be 
extended to map protein domains involved in specific protein interactions as well as to pinpoint amino acid residues that 

20 are crucial for these interactions. 

[0187] Compounds or molecules that interfere with the interaction of a ligand or receptor polypeptide identified herein 
and other intra- or extracellular components can be tested as follows; usually a reaction mixture is prepared containing 
the product of the gene and the intra- or extracellular component under conditions and for atime allowingforthe interaction 
and binding of the two products. To test the ability of a candidate compound to inhibit binding, the reaction is run in the 

25 absence and in the presence of the test compound. In addition, a placebo may be added to a third reaction mixture, to 
serve as positive control. The binding (complex formation) between the test compound and the intra- or extracellular 
component, present in the mixture is monitored as described hereinabove. The formation of a complex in the control 
reaction(s) but not in the reaction mixture containing the test compound indicates that the test compound interferes with 
the interaction of the test compound and its reaction partner. 

30 [0188] To assay for antagonists, the ligand or receptor polypeptide may be added to a cell along with the compound 
to be screened for a particular activity and the ability of the compound to inhibit the activity of interest in the presence 
of the ligand or receptor polypeptide indicates that the compound is an antagonist to the ligand or receptor polypeptide. 
Alternatively, antagonists may be detected by combining the ligand or receptor polypeptide and a potential antagonist 
with membrane-bound polypeptide receptors or recombinant receptors under appropriate conditions for a competitive 

35 inhibition assay. The ligand or receptor polypeptide can be labeled, such as by radioactivity, such that the number of 
polypeptide molecules bound to the receptor can be used to determine the effectiveness of the potential antagonist. The 
gene encoding the receptor can be identified by numerous methods known to those of skill in the art, for example, ligand 
panning and FACS sorting. Coligan et ai., Current Protocols in Immun. , 1 (2): Chapter 5 (1991). Preferably, expression 
cloning is employed wherein polyadenylated RNA is prepared from a cell responsive co the ligand or receptor polypeptide 
and a cDNA library created from this RNA is divided into pools and used to transfect COS cells or other cells that are 
not responsive to the ligand or receptor polypeptide. Transfected ceils that are grown on glass slides are exposed to 
labeled ligand or receptor polypeptide. The ligand or receptor polypeptide can be labeled by a variety of means including 
iodination or inclusion of a recognition site for a site-specific protein kinase. Following fixation and incubation, the slides 
are subjected to autoradiographic analysis. Positive pools are identified and sub-pools are prepared and re-transfected 
45 using an interactive sub-pooling and re-screening process, eventually yielding a single clone that encodes the putative 
receptor. 

[01 89] As an alternative approach, labeled ligand polypeptide can be photoaffinity- linked with cell membrane or extract 
preparations that express receptor molecule. Cross-linked material is resolved by PAGE and exposed to X-ray film. The 
labeled complex containing the receptor can be excised, resolved into peptide fragments, and subjected to protein micro- 
be* sequencing. The amino acid sequence obtained from micro- sequencing would be used to design a set of degenerate 
oligonucleotide probes to screen a cDNA library to identify the gene encoding the putative receptor. 

IV. ARTICLES OF MANUFACTURE 

55 [0190] In another embodiment of the invention, an article of manufacture containing materials useful for the treatment 
of the disorders described above is provided. The article of manufacture comprises a container and a label. Suitable 
containers include, for example, bottles, vials, syringes, and test tubes. The containers may be formed from a variety of 
materials such as glass or plastic. The container holds a composition which is effective for treating the condition and 
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may have a sterile access port (for example the container may be an intravenous solution bag or a vial having a stopper 
pierceable by a hypodermic injection needle). The active agents in the composition may comprise TALL-1 antagonist 
(s) or APRIL antagonist(s), or TACI agonist(s) or BCMA agonist(s). The label on, or associated with, the container 
indicates thatthe composition is used for treating the condition of choice. The article of manufacture may further com prise 
5 a second container comprising a pharmaceutically-acceptable buffer, such as phosphate-buffered saline, Ringer's so- 
lution and dextrose solution. It may further include other materials desirable from a commercial and user standpoint, 
including other buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 
[0191] The following examples are offered by way of illustration and not by way of limitation. The disclosures of ail 
citations in the specification are expressly incorporated herein by reference. 

10 

EXAMPLE 1 

Identification and Expression Cloning of TACi, A Receptor for TALL-1 Ligand 

is [01 92] A chimeric protein, referred to as "AF-TALL-1 ", was prepared using human placenta alkaline phosphatase (AP) 
fused to the N-terminus of a TALL-1 polypeptide consisting of amino acids 136-285 shown in Figure 3. The AP was 
obtained by PCR amplification using pAPtag-5 (Genehunter Corporation) as a template, and fused and cloned into the 
expression vector, pCMV-1 Flag (Sigma), with AP atthe N-terminus of TALL-1 . The AP-TALL-1 was transiently transfected 
(using Lipofectamine reagent; Gibco-BRL) and expressed in human embryonic kidney 293 cells (ATCC). AP-TNF-alpha 

20 (Pennica et al., infra) was similarly prepared. AP-EDA (comprising amino acids 241-391 of EDA; Srivastava et al., Proc. 
Natl. Acad. ScL , 94 :13069-13074 (1997)) was also similarly prepared. The conditioned medium from the transfected 
293 cells was filtered (0.45 micron), stored at 4°C in a buffer containing 20mM Hepes (pH 7.0) and 1 mM sodium azide, 
and used for subsequent cell staining procedures. 

[0193] In addition, an N-terminal Flag-tagged form of TALL-1 was constructed in a pCMV-1 Flag vector. To promote 

25 the trimerization of this Flag-tagged TALL-1 construct, a trimeric form of leucine-zipper sequence [Science , 262 : 
1401 -1407 (1993)) was inserted between the Flag-tag and the TALL-1 (consisting of amino acids 136-285 of Figure 3), 
and this construct was referred to as "Flag-LZP-TALL-1 The Fiag-LZP-TALL-1 was purified using M2-agarose gel 
(Sigma) from serum-free medium of 293 cells transfected with the Flag-L2P-TALL-1 expressing plasmid. 
[0194] AP reactivity could be readily detected when AP-TALL-1 conditioned medium, but not control AP conditioned 

30 medium, was applied to IM-9 cells (ATCC) which have been shown to exhibit high levels of TALL-1 binding activity (data 
not shown). The purified Flag-LZP-TALL-1 also bound to the IM-9 cells, as determined by FACS analysis (Data not 
shown). Importantly, the binding of AP-TALL-1 to IM-9 cells was effectively blocked by preincubation with purified Flag- 
LZP-TALL-1 but not with purified TNF-alpha [prepared essentially as described in Pennica et al., Nature, 312 :724-729 
(1 984)], suggesting that both forms of TALL-1 were functional and the respective binding of AP-TALL-1 and Flag-LZP- 

35 TALL-1 to IM-9 cells was specific. 

[0195] To identify a receptor for TALL-1, a cDNA expression library was constructed in pRKS vector (EP 307,247, 
published March 15, 1989) using PolyA+.mRNA derived from the IM-9 cells [Flanagan etal., Cell, 63:185 (1990)]. Pools 
of -1000 cDNA clones (Miniprep DNA (Qiagen)) from the library were transfected (using Lipofectamine) into COS 7 
cells (ATCC) in 6 well plates, which after 36-48 hours, were then incubated with AP-TALL-1 conditioned medium, washed, 

40 and stained for AP activity in situ A positive pool was broken down to successively smaller size pools. After three rounds 
of screening, a single cDNA encoding an AP-TALL-1 binding activity was identified. Sequencing of the cDNA insert 
revealed a single open reading frame predicted to encode a protein of 265 amino acids. This 265 amino acid polypeptide 
(referred to as "hTACI (265)" in Figure 6), when aligned with the TACI sequence shown in Fig. 1 (referred to as "hTACI" 
in Figure 6), revealed a high percentage of sequence identity, particularly in the ECD. The alignment of these two TACI 

45 sequences is shown in Figure 6. It is believed that the 265 amino acid form of TACI may be a spliced variant of the TACI 
sequence shown in Figure 1. 

[0196] In an in vitro assay, COS 7 cells (ATCC) were seeded into 12 well plates 24 hours before transfection. The 
cells were then transfected with 1 microgram TACI (the 265 amino acid form of human TACI described above, cloned 
in pRK5B vector, infra) or vector plasmid (pRK5B) alone. 18-24 hours after transfection, the ceils were incubated with 
50 conditioned medium containing AP-TALL-1 ; AP-TNF-alpha; or AP-EDA for 1 hour at room temperature and stained for 
AP activity in situ as described in Tartaglia et al.. Cell, 83 :1263-1 271 (1 995). 

[0197] As shown in Fig. 7, AP-TALL-1 (Fig. 7A) but not AP-TNF-alpha (Fig. 7B) or AP-EDA (Fig. 7C) was found to 
bind COS 7 cells transfectect with TACL The AP-TALL-1 did not stain cells transfected with vector plasmid alone (Fig. 
70). AP-TALL-1 binding to the TACI transfected COS 7 cells was effectively blocked by a Flag-tagged form of TALL-1 , 
55 but not by a Flag-tagged form of LIGHT [Mauri et al., supral , another TNF homolog (data not shown). 
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EXAMPLE 2 

Binding of TALL-1 or APRIL to TAC i- IgG and BCMA-igG 

s [01 98] Flag-tagged ligands were prepared as follows. Amino acids 82-240 of LIGHT (Mauri et aL, Immunity , 8:21 -30 
(1 998)) were subcioned into pCMV-1 Flag (Sigma) using a Not/ site to fuse amino acids 1-27 of the Flag signal and tag 
sequence upstream of the LIGHT sequence. Amino acids 105-250 of APRIL (see Fig. 4) were similarly cloned into 
pCMV-1 Flag (Sigma), except that a Hindiil site was used, resulting in fusion to amino acids 1 -24 of the Flag signal and 
tag sequence. Amino acids 124-285 of TALL-1 (see Fig. 3) were fused to amino acids 1-27 of the Flag signal and tag 

io sequence, as described above for Flag-LIGHT. AP-APRIL was prepared by cloning amino acids 1 05-250 of APRIL (see 
Fig. 4) into a pCMV-1 Flag vector encoding human placenta! alkaline phosphatase such that the APRIL encoding 
sequence was fused C-terminally to AP, while the AP was fused C-terminaliy to Flag. AP-TALL-1 was prepared'by 
cloning amino acids 1 35-285 of TALL-1 (see Fig. 3) into the pCMV-1 Flag, AP vector, as described above for AP-APRIL 
The respective tagged proteins were then expressed in 293 ceils or CHO cells and purified using M2 anti-Flag resin 

15 (Sigma). 

[0199] One ji,g of the purified human or Flag-LIGHT (control), Flag-APRIL, or Flag-TALL-1 , or Flag-AP-APRIL, or 
Ffag-AP-TALL-1 was incubated with 1 \lq of purified human immunoadhesin containing the lgG1-Fc fusion of the ECD 
of DcR3 (control; Pitti et al., Nature, 396:699-703 (1 998)) or TAC! or BCMA overnight at 4° C in duplicate. The TACI- 
ECD.hFc immunoadhesins were prepared by methods described in Ashkenazi et al., Proc. Natl. Acad. ScL , 88 : 

20 10535-10539 (1991). The immunoadhesin constructs consisted of amino acids 2-166 of the human TAG! polypeptide 
(see Figure 1). The TAC I -ECD constructs were expressed in CHO cells using a heterologous signal sequence (pre-pro 
trypsin amino acids 1-17 of pCMV-1 Flag (Sigma)) and encoding the human lgG1 Fc region downstream of the TACI 
sequence, and then purified by protein A affinity chromatography. The BCMA-ECD immunoadhesins were prepared by 
methods described in Ashkenazi et ah, as cited above. The immunoadhesin constructs consisted of amino acids 5-51 

25 of the human BCMA polypeptide (see Figure 2). The BCMA-ECD constructs were expressed in CHO cells using a 
heterologous signal sequence (pre-pro trypsin amino acids 1-17 of pCMV-1 Flag (Sigma)) and encoding the human 
lgG1 Fc region downstream of the BCMA sequence, and then purified by protein A affinity chromatography. 
[0200] One set of reactions (Figure 8; Panels A-C) was subjected to immunoprecipltation through the receptor-immu- 
noadhesin with protein A-agarose (Repligen). The second set of reactions (Figure 8; panels D-F) was subjected to 

30 immunoprecipitation through the Flag-tagged ligand with Anti-Flag mAb-M2-agarose (Sigma). The immunoprecipitates 
were then analyzed by Western blot with horseradish peroxidase-conjugated anti-Flag M2 mAb (Sigma) to detect the 
Flag-tagged ligands (Figures 8A-C) or horseradish peroxidase-conjugated goat anti-human IgG pAb (Amersham) to 
detect the receptor-immunoadhosins (Figures 8D-F) . 

[0201] The data shows that Flag-LIGHT bound to DcR3-lgG, but not to TAC I- IgG or BCMA-igG. Flag-APRILand Flag- 
35 AP-AFRIL bound to TACl-lgG and BCMA-igG, but not to DcR3-lgG. Similarly, Flag-TALL-1 and Flag-AP-TALL-1 bound 
to TACl-lgG and BCMA-igG, but not to DcR3-lgG. These assay results indicated that APRIL and TALL-1 can each bind 
in a specific and stable manner to TACI and to BCMA, 

[0202] In a similarly conducted co-immunoprecipitation assay, TACI-Fc (described in Example 2), HVEM-Fc (Mont- 
gomery et al., supra) ; DR3-Fc (Chinnaiyan et al., Science, 274 :990 (1996); Marsters et al., Curr. Biol. , 6:1669 (1996)); 

to or DR6- Fc (Pan et aL, FEBS Letters , 431:351-356 (1 998))(1 M-g/ml) was incubated with Flag-TALL-1 (1 jxg/ml; prepared 
as described in Example 2). one set of reactions was subjected to immunoprecipitation through the receptor-Fc fusion 
with protein A Agarose; the second set of reactions was subjected to immunoprecipitation through the ligand with anti- 
Flag antibody. The samples were analyzed by Western blot, as above. Flag-TALL-1 was not detected in anti-Fc co- 
immunoprecipitation with the Fc fusion constructs of HVEM, DR3, or DR6 (Figure BG). Conversely, TACI-Fc was not 

45 detected in anti-Flag co-immunoprecipitations with HVEM-Fc, DR3-Fc, or DR6-Fc (Figure 8H). 

[0203] Additional assays were conducted to determine whether TACI could serve as a receptor for other members of 
the TNF family of ligands. COS 7 cells (ATCC) were transiently transfected (using Lipofectamine reagent) with membrane 
forms of various ligands of TNF family. Among the ligands tested were APRIL, TALL-1 , 4-1 BBL, CD27L, CD30L, CD40L, 
EDA, FasL, GITRL, LT-alpha, OX-40L, RANKL, TNF-alpha, TNF-beta and ApoZL/TRAIL. 

so [0204] Human TNF-alpha was cloned into pRK5B vector (pRK5B is a precursor of pRK5D that does not contain the 
Sfil site; see Holmes et al., Science , 253:1278-1280 (1991)). For the detection of TNF-alpha expression on the cell 
surface, a Flag tag was inserted between amino acid 70 and amino acid 71 (using the numbering according to the 
sequence in pennica et al., supra ). An extracellular region of TALL-1 (aa 75-285; see Figure 3), 4-1 BBL (aa 59-254; 
Goodwin et aL, Eur. J. Immunol. , 23:2631-2641 (1993)), CD27 ligand (as 40-193; Goodwin et aL, Ceil , 73:447-456 

55 (1993)), CD30 ligand (aa 61 -234; Smith et aL, Cell, 73:1 349-1360 (1 993)), RANKL (aa 71 -31 7; see W098/28426), Apo- 
2 ligand (aa 40-281 ; see W097/25428) or Apo-3L (aa 46-249; see W099/1 9490) was individually cloned at the BamHI 
site. This resulted in a chimeric ligand with the intracellular and transmembrane regions from TNF-alpha and the extra- 
cellular region from the various ligands. For APRIL (see Figure 4) and EDA (Srivastava et aL, supra) , full length cDNA 
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clones without Rag tag were used. 

[0205] Transfected COS 7 cells were subsequently incubated with TACI,ECD,hFC immunoadhesin (prepared as 
described above). Cells were incubated with the TACI ECD-IgG (or a TNFR1-lgG construct prepared as described in 
Ashkenazl et al., Proc. Natl. Acad. ScL , 88:10535-1 0539 (1991)) at 1 fxg/miforl hour in PBS. Cells were subsequently 
5 washed three times with PBS and fixed with 4% paraformaldehyde in PBS. Cell staining was visualized by incubation 
with biotinylated goat anti-human antibody (Jackson Labs, at 1 :200 dilution) followed by Cy3-streptavidin (Jackson Labs, 
at 1:200 dilution). 

[0206] To identify potential ligand(s) of BCMA, similar binding experiments, as described above for TACI, were per- 
formed. A BCMA.ECD.hFc immunoadhesin was prepared, as described above. 
10 [0207] similar to TACI, BCMA only interacted with APRIL and TALL-1. As shown in Fig. 9A, TACI-hFc and BCMA- 
hFc bound to cells transfected with TALL-1 or April but not TNF-alpha. Conversely, AP-TALL-1 or AP-APRIL specifically 
bound to cells transfected with TACI or BCMA (Fig. 9B). 

EXAMPLE 3 

15 

Induction of IgM production by TALL-1 and APRIL and Inhibition of the induction by TACl-IgG and B CMA-IgG 

[0208] Human peripheral blood monanuclear cells (PBMC) were isolated on a Ficol gradient according to manufac- 
turer's instructions (LSM media, ICN/Cappel, OH). Peripheral blood leukocytes (PBL) were then obtained from the PBMC 

20 using standard removal of plastic-adherent cells. PBLs were plated in 48-well dishes (3 x 10 4 cells/well on 0.3 ml of 
RPMI1640 medium containing 10% FBS) and incubated for 72 hours at 37° C, 5% CQ 2) with FB3 (control), or IL-4 
(1 OOng/ml, control, Ft & D systems, Minneapolis, MN), or Flag-TALL-1 (as described in Example 2 above) (1 jxg/ml). For 
inhibition analysis; the cells were incubated with each of the above in combination with 20 |xg/ml of TACl-IgG or BCMA- 
IgG (prepared as described in Example 2 above), or an isotype-matched immunoadhesin control. Cell supernatants 

25 were collected and analyzed for IgM levels using an IgM ELISA kit according to manufacturer's instructions (Bethyl 
Laboratories, TX). 

[0209] The results are shown in Figure 10. IL-4, used as a positive control, induced IgM production compared to the 
control PBS, TALL-1 or APRIL induced at least as much IgM production as IL-4. The combination of TALL-1 and APRIL 
showed no further induction of IgM compared to each ligand alone, TACl-IgG did not block the effect of IL-4, but it 

30 blocked the effect of TALL-1 and/or APRIL completely. 

[0210] BCMA-IgG did not block the effect of IL-4, but blocked the effect of TALL-1 and/or APRIL substantially, though 
not completely. The control immunoadhesin did not block any of the ligands, These results show that TALL-1 and APRIL 
can induce IgM production in PBL. Moreover, the data show that TACl-IgG and BCMA-IgG can block the effects of TALL- 
1 or APRIL on IgM production, confirming their respective ability to bind to each ligand and demonstrating their respective 

35 ability to block the ligand's activity on target cells. 

EXAMPLE 4 

Interaction between TALL-1 or APRIL with TACI and/or BCMA Results in Activation of NF-kB 

40 

[0211] 293 cells (ATCC) were seeded 24 hours before transfection at 1 x 1 0 5 cells/well into 1 2-well plates and trans- 
fected with 0.25 (xg of EL AM-lucif erase reporter gene plasmid, 25 ng pRL-TK (Promega) and the indicated amounts of 
each expression construct (see Figure 1 1). Total amount of transfected DNA was kept constant at 1 mg by supplemen- 
tation with empty pRKSB vector (see Example 2). In some assay wells, Flag-tagged ligands (prepared as described in 

45 Example 2) were added at concentrations indicated 4 hours after transfection. In other assay wells, the cells were co- 
transfected with full length TALL-1 (Fig. 3) or RANKL (W098/28926). Ceils were harvested 20-24 hours after transfection 
and reporter gene activity determined with the Dual-Lucif erase Reporter Assay System (Promega). 
[021 2] Only minimal activation of NF-kB was observed when TACT or BCMA was expressed alone at low levels (such 
as at 0.1 ng). The activation of Nr-kB, however, was greatly augmented by either addition of Flag-TALL-1 or Flag-APRIL 

so (Fig. 1 1 A), or by co-transfection with full length TALL-1 or APRIL (Fig. 11B; 11C). 

[0213] Treatment of untranafected IM-9 cells with Flag-TALL-1 also resulted in activation of NF-kB (see Fig. 1 1D). 
The IM-9 cells (ATCC) were incubated with Flag-TALL-1 (0.3 ^g/m\) or PBS alone or in combination with 20 ^g/ml TACl- 
IgG or TNFR1-lgG (prepared as described in Example 2). The NF-kB activity was measured by an electrophoretic 
mobility shift assay as described in Montgomery et aL, Cell, 87:427-436 (1996); Marsters et aL, J. Biol. Chem. , 272: 

55 14029 (1997); Chinnaiyan et aL, Science, 274:990 (1996); Marsters et al., Curr. Biol. , 6:1669 (1996); Pan et aL, FEBS 
Letters, 431:351 (1998). 

[0214] The data suggests that one physiological consequence of TALL-1/APRIL-TACI/BCMA interaction is the acti- 
vation of the NF-kB pathway. 
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EXAMPLE 5 

Inhibition of Germinal Center Formation and Antibody Production in TACI-IgG or BCMA-IgG Treated, Immunized 
Mice 

5 

[021 5] fn vivo assays were conducted to determine whether the blocking of the TALL-1 /TACI or TALL-1/BCMA inter- 
action impairs humoral immune responses. Three groups of female C57BL/6 mice of 6 - 8 week of age were immunized 
intraperitoneally (i.p.) with 100 |xg of acetyl-conjugated chicken gamma globulin (NP 23 -CgG) (Biosource Technologies) 
precipitated in alum (4-hydroxy-3-nitrophenyl). The groups of animals were treated daily for 14 days with 50 |xg of TACI- 
10 Fc or BCMA-Fc (prepared as described in Example 2) in 100 |ulI saline (and control animals were treated with 1 00 fxl 
saline) by i.p. injection. 

[0216] After 14 days, mouse sera were analyzed for NP-specific IgM, low-affinity lgG1, and high-affinity lgG1 using 
a standard BLISA method. NP-specific IgG1, both high-affinity antibodies and total (high- plus low-affinity) antibodies 
were quantified by ELISA in wells coated with NP 2 5 and NP 23 -conjugated bovine serum albumin, respectively. Bound 

is antibodies were detected with AP-conjugated goat anti-mouse IgM or lgG1 (Pharmingen). 

[0217] The results are shown in Figure 1 2. TACI-Fc and BCMA-Fc substantially inhibited the production of NP-specific 
IgM antibodies as compared to control (Fig. 12A), indicating that TALL-1/TACI and TALL-1/BCMA interactions (and 
APRIL/TACi and APRIL/BCMA interactions) are important during the early phase of B cell activation that leads to IgM 
secretion. TACI-Fc and BCMA-Fc inhibited low- and high-affinity NP-specific lgG1 responses as well (Fig. 12 B, C), 

20 suggesting that both TALL-1/TACI andTALL-1/BCMA interactions (and both APRILVTACI and APRIL/BCMA interactions) 
are important also for 1 9 class switching and affinity maturation. 

[0218] During the early part of an antigen-specific antibody response, B cells differentiate into antibody-forming cells 
(AFC). This takes place in extrafollicular areas of the spleen composed of periarteriolar lymphoid sheaths (PALS) [Gray 
et aL, Immunology , 65:73 (1988); NacLennan, Ann. Rev. Immunol., 12 :117 (1988)], where Ig class switching subse- 
ts quently occurs. The PALS-associated regions were compared from spleens of NP 23 -CgG-immunized mice treated for 
10 days with control Ig, TACI-Fc, or BCMA-Fc, similar to as described above. Immunohistochemical analysis of the 
various spleen sections was then conducted. Spleen sections prepared 10 days after immunization and stained with 
FITC-conjugated anti-lgG1 are shown in Figure 13-1 (Panel A) and Figure 13-2 (Panel A). As expected, control mice 
displayed a large number of clustered AFC foci that stained intensely with anti-lgG1 and contained many immunoblast- 
30 like cells (Fig. 1 3-1 , Panel A, left). In contrast, TACi-Fc treated mice showed only few, isolated, igG1 -positive cells, with 
no formation of AFC foci (Fig. 13-1, Panel A, right). BCMA-Fc treated mice likewise showed only few, isolated, lgG1- 
positive cells, with no formation of AFC foci (Fig. 13-2, Panel A). Thus, TALL-1/TACI and TALL-1/BCMA (and APRIL/ 
TACI and APRIL7BCMA) interactions are important for the extrafollicular differentiation of B cells that precedes Ig class 
switching in splenic FAL3-associated areas. 
35 [0219] To study the potential role of TALL-1 /TACI and TALL-1/BCMA interactions in antibody affinity maturation, the 
formation of germinal centers (GC) was examined in the spleens of NP 23 -CgG-immunized mice at day 14. Spleen 
sections were prepared 14 days after immunization and stained with FiTC-conjugated anti-PNA (green fluorescence) 
and Texas Red-conjugaed anti-IgM (red fluorescence). As expected, splenic follicles from controls displayed intense 
staining with peanut agglutinin (PNA), a lectin that binds specifically to GC B cells (Fig. 13-1, Panel B. left). In sharp 
40 contrast, splenic follicles from TACI-Fc treated mice were devoid of GCs, and displayed only few, isolated, PNA-staining 
cells (Fig. 13-1 , Panel B, right). Splenic follicles from the BCMA-Fc treated mice were also devoid of GCs, and displayed 
only few, isolated, PNA-staining cells (Fig. 13-2, Panel B). 

[0220] Despite the lack of GCs, there were no abnormalities in splenic follicular architectures of TACI-Fc or BCMA- 
Fc treated mice, as judged by hematoxilyn and eosin staining of spleen sections at day 14 (Figure 13-1 - Panel C, left 
45 (Controls) and Panel C, right (TAC!-Fc treated); and Figure 13-1 Panel C (BCMA-Fc treated). This suggests that in TACi- 
Fc or BCMA-Fc treated mice, some follicular B cells could differentiate into AFCs, but could not proceed to form GCs. 
Thus, TALL-1/TACI and TALL-1/BCMA interactions (as well as APRIUTACI and APRIL/BCMA interactions) appear to 
be critical for proper GC formation. 

[0221] The blocking of the TALL-1 /TACI and TALL-1/BCMA interactions (orAPRlL/TACI or APRIL/BCMA interactions) 
so in mice during primary immunization inhibited several aspects of the B cell response: (a) the early phase of extrafollicular 
B cell activation that leads to antigen-specific IgM production; (b) the differentiation of B cells that leads to Ig class 
switching; (c) the formation of splenic GCs, where affinity maturation occurs and memory B cells are generated. While 
GC formation was blocked completely by TACI-Fc or BCMA-Fc, some residual IgM and igG1 production and affinity 
maturation occurred. That attenuated antibody responses can proceed despite the absence of GCs has been observed 
55 in other systems [see, e.g., Matsumoto etal., Nature, 382 :462 (1996); Kato et aL, J. Immunol. , 1 60 :4788 (1998); Futtere 
et a! -> Immunity , 9:59 (1998). It is possible that other factors besides TALL-1 or APRIL and TACI or BCMA mediate the 
remaining antibody production. Alternatively, the selected TACI-Fc or BCMA-Fc treatment in vivo may not have sufficed 
to prevent all TALL-1 /TACI, TALL-1 /BCMA, APRIL/TACI or APRIL/BCMA binding events. 
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[0222] Previous studies indicate that CD40L-CD40 [Foy et a!., Ann. Rev. Immunol. , 14:591 (1996)] and CD86- 
CD28/CTLA-4 fHanetaL, J. Immunol. , 155 :556 (1995); Lenschow etal., Ann. Rev. Immunol., 14 :233 (1996)] interactions 
are important for entry of extrafoliicular B cells into GC areas and for GC establishment. Inhibition of these interactions 
through gene knockouts or by treatment with blocking antibodies or receptor-Fc fusions diminishes antibody production 

5 and blocks GC formation [Lane at aL, J. Exp. Med., 179 :819 (1994); Durie at ah, Immunol. Today, 15:406 (1994); 
Hathcock et aL, Science, 262 :905 (1993); Linsey et aL. science , 257:7992 (1992); Renshaw et aL, J. Exp. Med. , 180 : 
1889 (1994); Xu et aL, Immunity , 1_:423 (1994); Kawabe et aL, Immunity, 1 :167 (1994); Foy et aL, J. Exp. Med. , 180 : 
157 (1 994)]. There are some striking similarities between the TALL-1/TACI, TALL-1/BCMA and CD40L-CD40 systems: 
both ligands are related to TNF and are expressed on activated T cells and both receptors are TNFR homologs that 

io stimulate NF-KB and are expressed on B cells. Hence, the interaction of TALL-1 of APRIL with TACi or BCMA might 
mediate T-celi help to B cells similar to CD40L and CD40. TALL-1 also may contribute to the activation of B cells by 
dendritic cells, which do express the TALL-1 ligand, unlike CD40L and CD40 knockout mice, which exhibit impaired IgG 
but not IgM responses, and unlike CD40L-deficient patients with hyper-IgM syndrome [Callard et aL, Immunol. Today , 
14:559 (1993); Allen at aL, Science, 259 :990 (1993); Aruffo et aL, Cell, 72:291 (1993)], TACI-Fc-treated or BCMA-Fc- 

15 treated mice showed a marked deficit in both IgM and IgG production. Thus, it is possible that TALL-1 or APRIL and 
TACI or BCMA operate early in B ceil activation, such that their blockade impairs all phases of the humoral response. 
In contrast, CD40L and CD40 may operate later in B cell activation, such that their blockade impairs only late phases 
of the antibody response. 

20 EXAMPLE 6 

Preparation of Anti-APRIL Monoclonal Antibodies 

[0223] Balb/c mice (obtained from Charles River Laboratories) were immunized by injecting 1.0^g of Flag-APRIL 
25 (diluted in M PL-TDM adjuvant purchased from Ribi Immunochemical Research Inc., Hamilton, MT) 10 times into each 
hind foot pad. The immunization consisted of a series of 6 injections (one injection/week for 6 weeks). The animals then 
rested for two months, and subsequent immunization injections were given once per week for 4 weeks, The Flag-tagged 
APRIL fusion protein was prepared as described in Example 2 above and purified by anti-Flag M2 agarose affinity 
chromatography (Sigma). 

30 [0224] Three days afterthe final boost, popliteal lymph nodes were removed from the mice and a single cell suspension 
was prepared in DMEM media (obtained from Biowhitakker Corp.) supplemented with 1% penicillin -streptomycin. The 
lymph node cells were then fused with murine myeloma cells P3X63AgU.1 (ATCC CRL 1597) using 35% polyethylene 
glycol and cultured in 96-well culture plates. Hybridomas resulting from the fusion were selected in HAT medium. Ten 
days afterthe fusion, hybridoma culture supernatants were screened in an ELISA to test forthe presence of monoclonal 

35 antibodies binding to the Flag-APRIL protein. As a negative to discard monoclonal antibodies binding to the Flag portion 
or the molecule, the monoclonal antibodies were also screened for any binding to Flag-tagged Apo-3. 
[0225] In the ELISA, 96-well microtiter plates (Maxisorb: Nunc, Kamstrup, Denmark) were coated by adding 50 |xl of . 
25 |xg/ml Flag-APRIL or Flag-Apo-3 in 50mM carbonate buffer, pH 9.6, to each well and incubating at 4°C overnight. 
The plates were then washed three times with wash buffer (PBS containing 0.05% Tween 20). The wells in the microtiter 

40 plates were then blocked with 200 jxl of 2.0% bovine serum albumin in PBS and incubated at room temperature for 1 
hour. The plates were then washed again three times with wash buffer. 

[0226] Following the wash steps, 1 00 jjU of the hybridoma supernatants or various concentrations of polyclonal sera 
was added to designated wells. 1 00 jjU of P3X63AgU.1 myeloma cell conditioned medium was added to other designated 
wells as controls. The plates were incubated at room temperature for 1 hour on a shaker apparatus and then washed 

45 three times with wash buffer. 

[0227] Next, 50 jml HRP-conjugated goat anti-mouse IgG Fc (purchased from Cappel Laboratories), diluted 1 :1 000 in 
assay buffer (0.5% bovine serum albumin, 0.05% Tween-20, 0.01% Thimersoi in PBS), was added to each well and the 
plates incubated for 1 hour at room temperature on a shaker apparatus. The plates were washed three times with wash 
buffer, followed by addition of 50 jxl of substrate (TMB microweil peroxidase substrate, Kirkegaard & Perry, Gaitheraburg, 

50 MD) to each well and incubation at room temperature for 1 0 minutes, The reaction was stopped by adding 50 \l\ of TMB 
1 -component stop solution (diethyl glycol, Kirkegaard & Perry) to each well, and absorbance at 490 nm was read in an 
automated microtiter plate reader. 

[0228] The supernatants testing positive in the ELISA were then cloned twice by limiting dilution. 

[0229] As shown in Figure 1 4A, the 3C6.4.2, 5E8.7.4, 5E1 1 .1 .2 and 5G8.2.2 antibodies were found to bind Flag-APRIL 

55 
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EXAMPLE 7 

Isotyping of anti-APRIL Antibodies 

5 [0230] The isotypes of the anti-APRIL monoclonal antibodies (see Example 6) were determined by coating plates with 
isotype specific goat anti-mouse Ig (Fisher Biotech, Pittsburgh, FA) at 4° C overnight. After non-specific binding sites 
were blocked with 2% BSA, 100 \l\ of hybridoma culture supernatants or .5 f^g/ml of purified mAbs were added. After 
incubation for 30 minutes at room temperature, plates were incubated with HRP-conjugated goat anti-mouse Ig for 30 
minutes at room temperature. The level of HRP bound to the plate was detected using HRP substrate as described above. 

io [0231] As shown in the Table in Figure 14B, the anti-APRIL antibodies, 5E8.7.4, 5G8.2.2, and 3C6.4.2, were found 
to be isotype lgG2a antibodies. Anti-APRIL antibody 5E1 1 .1 .2 was found to be an isotype lgG1 antibody. 

EXAMPLE B 

15 Binding Assay Showing Blocking Activity of anti-APRIL mAbs 

[0232] Microtiter plates (Nunc, Denmark) were coated with 50 jxl/well goat anti-human Fc antibody (Boehringer Man- 
heim) at 5 jxg/ml in carbonate buffer overnight at 4° C. The plates were then blocked with 150 ^I/well of 2% BSA in PB3 
buffer for 1 hour at room temperature. The respective immunoadhesins, BCMA-IgG orTACI-IgG (prepared as described 

20 in Example 2 above) were added in a 50 ixl/Well volume at 5 p,g/ml in block buffer and incubated at room temperature 
for 1 hour. All antibodies (which were identified in the fusion described in Example 6) were diluted at 1 :100 and 25 jxl/ 
well was added to the plate along with 25 (xl/well of 2 jxg/mi Flag-APRIL (see Example 2) and incubated for 1 hour at 
room temperature. The signal was developed with successive incubations with biotinylated anti-Flag antibody (Sigma 
Aidrich* Missouri) and streptavidin- horseradish peroxidase (Amersham Life Science, New Jersey). All steps except the 

25 first were preceeded with a wash step with PBS/0.01% Tween 20. 



35 



Mab Identification 


% Max Binding to BCMA 


SD 


% Max Binding to TACI 


SD 


3C6.4.2 


10 


0 


16 


0 


5E8.7.4 


96 


2 


88 


6 


5E11.1.2 


65 


0 


52 


4 


5C8.2.2 


101 


5 


94 


9 


IgG Ctrl 


100 


0 


100 


0 



[0233] As shown in the Table above, anti-APRIL antibody 3C6.4.2 effectively blocked the APRIL binding to BCMA 
and to TACI. In the assay, antibody 5E1 1.1 .2 also showed partial blocking of APRIL to BCMA and to TACI. 



40 EXAMPLE 9 

Competitive Binding ELISA 

[0234] To determine whether the anti-APRIL antibodies, 3C6.4.2, 5E8.7.4, 5E1 1 .1 .2 and 5G8.2.2 (described in the 
45 Examples above) recognized the same or different epitopes, a competitive binding ELISA was performed as described 
in J. Immunol. Methods , 156 :9-1 7 (1 992) using biotinylated anti-APRIL antibodies. The anti-APRI L monoclonal antibodies 
were biotinylated using N-hydroxyl succinimide as described in J. Immunol. Methods , 156 :9-17 (1992). Microtiter wells 
were coated with 50pJ of 0.5juLg/mI of Flag-APRIL (Example 2) in 50mM carbonate buffer, pH 9.6, overnight at 4° C, After 
washing, the nonspecific binding sites were blocked with 200pJ of 2% BSA for 1 hour. After washing, a mixture of a 
50 predetermined optimal concentration of biotinylated anti-APRIL antibodies and a 1 00-foid excess of unlabeled monoclonal 
antibodies were added to each well. Following a 1 hour incubation at room temperature, plates were washed and the 
amount of biotinylated anti-APRIL antibody was detected by the addition of HRP-streptavidin. After washing the microtiter 
wells, the bound enzyme was detected by the addition of substrate, and the plates were read at 450nM with an ELISA 
plate reader. 

55 [0235] The results are shown in Figure 15. The datashowsthatantibody3C6.4.2 and antibody 5 E1 1 .1 .2 may recognize 
shared epitopes since unlabeled antibodies 3C6.4.2 or 5E1 1.1.2 were able to inhibit the binding of both biotinylated 
forms of the antibodies (Bio-3C6.4.2, Bio-5E1 1.1 .Z). Both antibodies 3C6.4.2 and 5E11 .1.2 recognize different epicapes 
from those recognized by 5E8.7.4 and 5G8.2.2 since neither antibodies blocked the binding of Bio-5E8.7.4 and Bio- 
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5G8.2.2. Further, antibodies 5E8.7.4 and 5G8.2.2 were able to block only its own biotinylated monoclonal antibody but 
not others. Accordingly, among the four monoclonal antibodies tested, it appears that three major epitopes on APRIL 
were detected. 

5 EXAMPLE 10 

Effects of TACI Immunoadhesin in Murine Arthritis Model 

[0236] An in vivo assay in a collagen-induced arthritis (CIA) murine model was conducted to determine if inhibition of 

to TACI interaction with its ligand(s) could prevent progression of CIA. 

[0237] Rheumatoid arthritis (RA) is an autoimmune disease in which the synovial membrane of multiple joints can 
become inflamed, leading to destruction of joint tissues including bone and cartilage. The synovium of RA can be highly 
inflammatory in nature and is typically characterized by lymphocyte and rnononuelear cell infiltration, T cell and antigen 
pressing cell (APC) activation, B cell immunoglobulin (Ig) secretion and pro-inflammatory cytokine production [Potocnik 

15 et al., Scand. J. Immunol. , 31 :213 (1990); Wernick et al., Arthritis Rheum., 28 :792 (1985); Ridley et ah, Br. J. Rheuma- 
tology , 29:84 (1990); Thomas et aL, J. Immunol., 152 :2613 (1994); Thomas et al., J. Immunol. , 156:3074 (1996)]. 
Chronically inflamed synovium is usually accompanied by a massive CD4Tcell infiltration [Pitzalis etal., Eur. J. Immunol. , 
18:1397 (1996); Morimoto et al., Am. J. Med. , 84:817 (1988)]. 

[0238] Collagen-induced arthritis (CIA) is an animal model for human RA, which resembles human disease, and can 

20 be induced in susceptible strains of mice by immunization with heterologous type-ll collagen (CM) [Courtenay et aL, 
Nature, 283 :665 (1 980); Cathcart et al., Lab. Invest, 54 :26 (1 986)]. Both CD4 T cells and antibodies to ClI are required 
to develop CIA. Transfer of anti-CII to naive animals only leads to partial histo-pat ho logy that is quite different from CIA, 
and complete symptoms of CIA do not develop [Holmdahl et al., Agents Action, 19 :295 (1986)]. In contrast, adoptive 
transfer of both CD4T cells and anti-CII antibodies from ClI immunized mice to naive recipients completely reconstitutes 

25 the symptoms of classical CIA [Seki et aL, J. Immunol., 148 :3093 (1 992)]. Involvement of both T cells and antibodies in 
CIA is also consistent with histo-pathological findings of inflamed joints in CIA. Thus, agents that block B cell or T cell 
functions, or inhibit pro-inflammatory cytokines induced by T cells, may be efficacious to prevent or treat arthritis, indeed, 
depletion of CD4Tcells, blockade of CD40-CD40L interactions, neutralization of TNF-alpha or blocking of IL-1 receptors 
can all lead to prevention of CIA in mice [Maini et aL, Immunol. Rev. , 144:195 (1995); Joosten et aL, Arthritis Rheum., 

30 39:797 (1996); Durie etal., Science, 261 :1328 (1993)]. 

[0239] In Applicants' study, two groups of mice (7 to 8 week old male DBA/1 mice (Jackson Laboratory)) were immunized 
intradermal^ with 100 \xg bovine collagen type-ll (BCII) (Sigma chemical Co.) emulsified in complete Freund's adjuvant 
(CFA) (Difco). The mice were then rechallenged with BCII in incomplete Freund's adjuvant 21 days later. A dramatic 
disease with clinical signs of arthritis developed in the animals that progressed to a more severe form with time. Starting 

35 on day 24, one group of mice were injected with 1 00 |xg of TACI-Fc three times per week intraperitoneally for six weeks 
(N=9), and a second group received 100 (xg of murine IgG as a control (N=10). The TACI-Fc construct was prepared 
by using primers based on the human TACI sequence (described herein) to amplify the mouse TACI cDNA from a mouse 
spleen library. A PCR product of about 0.45 kb was cloned. A cDNA clone containing the complete open reading frame 
of mouse TACi was subsequently isolated from the same library (GenBank accession number AF257673). The murine 

40 TACI-Fc was constructed by cloning the extracellular domain of mouse TACI (amino acids 2-129) between a pro-trypsin 
signal sequence and mouse lgG1 -Fc sequence and the immunoadhesion prepared as described in the Examples above. 
Animals were then monitored forthe clinical signs of arthritis, and atthe end of the study, as described below, a radiological 
and histo-pathological examination was performed. 

[0240] Mice were examined daily for signs of joint inflammation and scored as follows: 0, normal; 1, erythema and 
45 mild swelling confined to the ankle joint; 2, erythema and mild swelling extending from the ankle to metatarsal/metacarpal 
joints; 3, erythema and moderate swelling extending from the ankle to the metatarsophalangeal/metacarpophalengeal 
joints; 4, erythema and severe swelling extending from the ankle to the digits. The maximal arthritic score per foot is 4 
and the maximal disease score per mouse is 1 6; the mean arthritic score was calculated from all animals in the group. 
[0241] For radiological analysis at the end of the study, both fore-and hind-paws were radio-graphed using X-ray 
so Faxltron Imaging System (Faxitron X-ray Corp., Wheeling, IL). Data was digitized and pictures of radiographs were 
prepared. The radiographs were then examined for bone erosion and soft tissue swelling. For histo-pathological analysis, 
paws from the mice were excised, fixed in 10% formalin, decalcified, and embedded in paraffin. Joint sections (6 - 8 
jxm) were prepared and stained with hematoxylin and eosin using standard histochemical methods. Microscopic eval- 
uation of arthritic paws was performed in a blinded fashion. Arthritic changes in the ankle, metacarpophalangeal/meta- 
55 tarsophalangeal, proximal interphalangeal, and joints were examined for articular cartilage and subchondral bone erosion. 
[0242] Fig. 16A illustrates the disease courses in TACI-Fc treated mice (circles), or control IgG treated mice mice 
(boxes) and saline treated mice (triangles). Each data point represents a mean ± SD from a total of 9 (for TACI-Fc 
treated group) or 10 (for control groups) mice. The differences between the TACI-Fc treated group and each of the two 
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other groups are statistically significant. Mice in the control group developed typical clinical symptoms of arthritis, which 
started at about day 30 and progressed to very high arthritic scores rapidly (Fig. 16A). in contrast, in the mice treated 
with TACI-Fc, progression of arthritis was markedly inhibited. Fig. 16B shows the disease scores of individual feet 3 
weeks after the second immunization, Each data point represents an individual foot. The differences between the control 
5 and TACI-Fc-treated groups are statistically significant. The arthritic scores in the TACI-Fc treated mice reached only 
to 1 .0, and that happened only towards the end of study, whereas in the control group, the arthritic scores reached to 
>7.0. These data clearly demonstrate thatTACI interaction with its ligand(s) is important for the development of CIA. 
[0243] To determine if the TACI-Fc treatment of the mice had any effects on histo-pathotogy of the joints, at the end 
of the study histo-pathoiogical examination of the paws of mice was performed. At the termination of the study (48 days 
10 after the second immunization), the mice were sacrificed and their ankle joints were analyzed (HE staining) for histology. 
[0244] In the control group, a severe arthritic disease was characterized with synovial proliferation, massive leukocyte 
infiltration, pinnua formation that resulted in articular cartilage and bone erosion as shown in the proximal interphalangeal 
joint (Fig. 17A). Fig. 17A shows a phalangeal joint of a control mouse indicating severe synovitis, hyperplasia, and 
cartilage and bone destruction. Synovial thickening, leukocyte infiltration, articular cartilage degeneration and peri articular 
15 erosion was also seen in the metacarpal joint (Fig. 1 7B). Fig. 1 7B shows a phalangeal joint of a TACI-Fc-treated mouse 
with no signs of synovitis or disease pathology. In the TACI-Fc treated mice, there was no evidence of histo-patho logical 
symptoms, indicating that TACI-Fc not only blocks clinical symptoms of CIA but also inhibits histo-pathologicai symptoms 
(Fig. 1 7C,D). Fig. 1 7C shows a metacarpal of a control mouse having disease pathology with massive signs of synovitis, 
and Fig. 17D shows a metacarpal joint of a TACI-Fc-treated mouse with no disease pathology. 

20 [0245] At the termination of the study, both fore- and hind- paws of the animals were also X-rayed and analyzed for 
bone structures as described above. In the control group, signs of massive bone destruction and disfiguration was 
apparent, whereas in the TACI-Fc treated mice, no significant signs of bone loss or disfiguration was seen (Fig. 1 7E,F). 
Fig. 17E shows a radiograph from a control mouse showing signs of massive bone destruction and disfiguration. Fig. 
1 7F shows a radiograph from a TACI-Fc treated mouse showing no significant signs of bone loss or disfiguration. When 

25 radiographs from the TACI-Fc treated mice were compared with those from naive mice; no apparent differences were 
revealed, indicating TACI-Fc treatment completely protected mice from bone and cartilage damage (Data not shown). 
[0246] Since anti-callagen antibodies are believed to play an important role in the development of arthritis, serum 
samples of the mice were also analyzed to determine whether TACI-Fc treatment of the mice resulted in inhibition of an 
anti-coilagen humoral immune response. To test humoral immune responses, the mice were bled retroorbitally 14 days 

30 (Fig. 1 8A) and 47 days (Fig. 1 6B) after the second immunization and analyzed forthe presence of anti-collagen antibodies. 
[0247] Serum levels of anti-BCIi IgGI and lgG2a isotypes were measured by an ELISA using BCl I collagen as antigen. 
In brief, microtiter plates were coated with 10 fig/ml native bovine Cll, blocked, and incubated with serially diluted test 
sera. Bound IgG was detected by incubation with alkaline phosphatase-conjugated goat anti-mouse IgG (Pharmingen), 
followed by substrate (dinitrophenyl phosphate). Optical densities were measured at 450 nm in an ELISA plate reader 

35 (Molecular Devices). 

[0248] The results are shown in Fig. 1 8. Each data point represents a mean ± SD from five mice in each group, Serum 
from the mice in the control group showed presence of high levels of anti-collagen lgG1 and lgG2a, whereas in the 
TACI-Fc treated group, a considerable inhibition of both anti-collagen lgG1 and Jg2a was seen on days 14 and 47 after 
the second immunization, (Fig. 18A,B). Fig. 18A shows anticollagen lgG1 and igG2a levels 14 days after the second 
40 immunization, and Fig. 18B shows anticollagen lgG1 and lgG2a levels 47 days after the second immunization (White 
bars, mice treated with BSA; black bars, mice treated with TACI-Fc). These results suggest that TACI-Fc treatment may 
attune the development of CIA, at least partially, by blocking anti-collagen antibodies. 

[0249] Since both collagen-specific B and T cells can initiate CIA, an assay was furth er con ducted to examine whether 
prevention of TACI-Fc mediated CIA was also associated with inhibition of T cell effector functions, Lymph nodes and 

45 spleens from both the control and TACI-Fc treated mice were collected at the end of the study and in vitro recall responses 
of T cells against collagen and production of effector cytokines was examined. BCl I immunized mice were sacrificed 47 
days after the second immunization, and their inguinal lymph nodes and spleen were collected. Single cell suspensions 
were prepared, and cells were cultured in 96-well plates at a density of 1 x 1 0 6 cells/ml (200 fjU/weti) in DM EM containing 
5% heat-inactivated FCS, 2 mM giutamine, 100 U/ml penicillin, 100 p,g/ml streptomycin, and 2 x 10~ 8 M 2-ME. Cells 

50 were cultured in medium alone, or in the presence of various concentrations BCII. To test lymphocyte proliferation (Fig. 
18C), lymph node cells (1 x 10 6 cells per well) were first cultured for 72 hours, followed by addition of 1 ^Ci of pH] 
thymidine (International Chemical and Nuclear, Irvine, CA) for the last 1 8 hours of a 5-day culture, and incorporation of 
radioactivity was assayed by liquid scintillation counting (represented as cpm) using a Wallac p-plate counter. 
[0250] Proliferative T cell responses against collagen from TACI-Fc treated mice were almost negligible as compared 

55 to that of control mice (Fig. 1 BC; control mice -boxes; TACI-Fc treated mice- circles). 

[0251] Forthe cytokine assays, the lymph node and splenic cells were cultured in 0.2 ml of medium with or without 
BCII; 1 x 10 6 celis/ml (200 jxl/well) were cultured in the above-mentioned medium alone, or in the presence BCII. 
Supernatants were collected after 24 hours to test for for IL-2 secretion and 72 hours later to test for for IFN-gamma 
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production, which was found to be the optimal incubation time for cytokine determination, and stored at -20°C until 
analyzed. Levels of IL-2 and IFN-gamma were detected by ELISA using a kit from Pharmingen (San Deigo, California). 
Standard curves were generated using mouse recombinant IL-2 and IFN-gamma. When IL-2 and 1 FN-gamma production 
by T cells from these mice was measured, the TACI-Fc treated group (shown in Figs. 1 8D and 1 8E by circles) showed 

5 very little production of these cytokines, whereas T cells from the control group (shown in Figs. 1 8D and 1 8E by boxes) 
secreted significant levels of both IL-2 and IFN-gamma (Fig. 1 8D (IL-2 production), 18E (IFN-gamma production)). 
[0252] These data suggest that TACI-Fc treatment of mice not only inhibited anti-collagen antibody production but 
also regulated functions of effector T cells. Thus, TACI interactions with its ligand(s) are also believed to be important 
in T cell mediated immune responses. 

10 [0253] Since TACI receptor is also shown to be expressed on T cells and is involved in activation NF-AT associated 
with activation of T cells [von Bulow et al., Science , 278:138 (1 997)], it is believed that blocking of TACI interaction with 
its ligand(s) may directly impairT cell activation and its effector functions that are required, for instance, forthe progression 
of CIA in mice. 

[0254] To determine the direct role of TACI in T cell activation, an in vitro assay of antigen-specific activation of T cells 
is was performed. Activation of T cells by anti-CD3 antibody in vitro in the presence of TACI-Fc was examined by measuring 
proliferation and IL-2 production by these T cells. Splenic ceils from adult C57BL76 mice (Jackson Laboratory) were 
cultured (1 X 10 6 per well) in various concentrations of 10 ^g/ml anti-CD3 monoclonal antibody (Pharmingen) with or 
without different concentrations of TACI-Fc in medium as described above. Proliferation was measured by uptake of 3 H- 
thymidine as stated above. Parallel assays were also set up to measure the effects of TACI-Fc on production of anti- 
20 CD3 antibody induced IL-2 production In a 24 hour culture system as mentioned above. An ELISA was used to determine 
IL-2 levels in supernatants, using antibodies from Pharmingen, and using their recommended protocols. To study the 
effects of TACI-Fc on in vitro stimulation of TCR transgenic cells, 1 X 10 6 ceils from adult MBP-TCR transgenic mice 
(bred from animal breeding pair obtained from Dr. Richard Flavell, Howard Hughes Medical Institute, Yale University) 
were cultured in the presence of 1 0 jxg/ml MBP-Acl-1 1 (a synthetic NH2-terminal peptide of Myelin Basic Protein having 
25 amino acid sequence ASQKRPSQRSK (SEQ ID NO:10) with the first amino acid acetylated) with or without different 
concentrations of TACI-Fc in 96-well plates in DMEM medium supplemented with 5% FCS, 2 mM glutamine, 1 00 U/ml 
penicillin, 100 pig/ml streptomycin. Proliferation was measured by addition of 1 jxCi of pH] thymidine (International 
Chemical and Nuclear, Irvine, CA) forthe last 1 6 hours of a 5-day culture, and incorporation of radioactivity was assayed 
by liquid scintillation counting. 

30 [0255] Fig. 1 9A shows the inhibition of anti-CD3 antibody-induced proliferation of naive T cells by TACI-Fc in a dose 
dependent manner, while Fig. 19B shows the inhibition of anti-CD3 antibody-induced IL-2 production by naive T cells, 
as affected by TACI-Fc in a dose dependent manner. (In Figs. 1 9A and 1 9B, TACI-Fc treatment is shown by circles; 
controls are shown by boxes). 

[0256] Activation of myelin basic protein (MBP)-TCR transgenic T cells by antigen in vitro in the presence of TACI-Fc 
35 were also examined by measuring proliferation and IL-2 production by these T cells (as described above). Again, TACI- 
Fc inhibited both proliferation and IL-2 production by MBP-TCR transgenic T cells in a dose dependent manner (data 
not shown). These results demonstrate that TACI receptor is involved in T eel! activation, and that this function can be 
blocked with TACI-Fc. 

40 EXAMPLE 11 

Effects of TACI Immunoadhesin in Murine EAE Model 

[0257] The EAE murine model been described in the literature as a model for human multiple sclerosis [Grewal et aL, 

45 Science , 273:1964-1867 (1996). 

[0258] In Applicants' study, two groups of 10 mice each (10 to 15 week old male and female MBP-TCR transgenic 
mice (described in Example 10) were immunized subcutaneousiy with 10 ixg MBP Acl-1 1 (described in Example 10 
above) in 100 pj complete Freund's adjuvant (CFA) (Difco). Following the initial immunization with Acl-1 1, 200 ng 
Pertussis toxin (List Biologicals, Campbell, CA) in 1 00 jxl saline was injected intraperitoneal^ in each mouse at 24 hours 

so and 48 hours. Starting on day 2 through day 24, one group of mice was injected with 1 00 ^g of TACI-Fc (described in 
Example 10) in 100 pj sterile saline intraperitoneal^ daily, and a second group received 100 jxg of murine IgG in 100 
ixl sterile saline intraperitoneal ly each day. Animals were then monitored daily forthe onset of disease. Clinical signs of 
experimental allergic encephalomyelitis (EAE) were assessed daily and a score of 1 to 5 was given to each mouse 
based on the established EAE index system: 0= normal appearance; 1 = tail droop; 2= abnormal gait; 3= limb weakness; 

55 4= paralysis involving one limb (partial hindlimb paralysis); 5= paralysis involving two limbs (total hindiimb paralysis). 
This is a modified scoring system from that previously described in Grewal et al., 273 :1864-1867 (1996). 
[0259] The results are shown in Figure 20. The data shown in Figure 20 indicate that animals receiving the control 
IgG developed expected clinical symptoms of EAE; the disease onset in the control treated mice started on day 5 and 
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reached the peak levels within 1 0 days. In contrast, the TACl-Ig treated mice did not develop severe forms of the EAE 
symptoms. The disease score was much lower than the control group, only reaching clinical scores of 2 (which did not 
progress to higher scores during the study). The results thus suggest that the TACI-lg treatment protected the mice from 
developing overt EAE. 

Deposit of Material 

[0260] The following materials have been deposited with the American Type Culture Collection, 10801 University 
Blvd., Manassas, VA 2011 0-2209, USA (ATCC): 



Material 


ATCC Dep. No. 


Deposit Date 


3C6.4.2 


PTA-1347 


Feb. 


15, 2000 


5E11.1.2 


PTA-1346 


Feb. 


15, 2000 


5G8.2.2 


PTA-1345 


Feb. 


15, 2000 


5E8.7.4 


PTA-1344 


Feb. 


15, 2000 



[0261] This deposit was made under the provisions of the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapest Treaty). 
This assures maintenance of a viable culture of the deposit for 30 years from the date of deposit The deposit will be 
made available by ATCC under the terms of the Budapest Treaty, and subject to an agreement between Genentech, 
Inc. and ATCC, which assures permanent and unrestricted availability of the progeny of the culture of the deposit to the 
public upon issuance of the pertinent U.S. patent or upon laying open to the public of any U.5. or foreign patent application, 
whichever comes first, and assures availability of the progeny to one determined by the U.S. Commissioner of Patents 
and Trademarks to be entitled thereto according to 35 USC '1 22 and the Commissioner's rules pursuant thereto (including 
37 CFR '1.14 with particular reference to 886 OG 638). 

[0262] The assignee of the present application has agreed that if a culture of the materials on deposit should die or 
be lost or destroyed when cultivated under suitable conditions, the materials will be promptly replaced on notification 
with another of the same. Availability of the deposited material is not to be construed as a license to practice the invention 
in contravention of the rights granted under the authority of any government in accordance with its patent laws. 
[0263] The foregoing written description is considered to be sufficient to enable one skilled in the art to practice the 
invention. The present invention is not to be limited in scope by the example presented herein. Indeed, various modifi- 
cations of the invention in addition to those shown and described herein will become apparent to those skilled in the art 
from the foregoing description and fail within the scope of the appended claims. 
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Sequence Listing 

<1I0> GENENTECH, INC. 

<120> USES OF AGONISTS AND ANTAGONISTS TO MODULATE ACTIVITY 
OF TNF- RELATED MOLECULES 

<13C> P1805R1 PCT 

<lfll> 2000-11-26 

C150> OS 50/152,938 
<15I> 2000-02-16 

<150> US 60/226 r 98S 
<1S1> 2000-08-22 

<1G0> 14 

<Z10* 1 

<211;> 1377 

<212> DNA. 

<213> Homo sapiens 

<400> 1 

agcatectga gtaatgagtg gcctgggccg gagcaggcga ggtggccgga SO 
gccgtgtgga ccaggaggag cgetttecac agggectgtg gacgggggeg 100 
gctafcgagafc cctgccecga agagcagfcac tgggateetc cgctgggtac 150 
crgcatgtcc cgcaaaacca tctgeaacea ccagagccag cgcacctgtg 2 00 
cagccttctg caggtcactc agctgccgca aggagcaagg caagttetac 250 
gaccatctcc tgagggactg cateagetgfc gcctccatct gfcggacsgcn 300 
ccctaagcaa tgtgcataet tctgtgagsa caagcccagg agcecagtga 350 
accteccace agagctcagg agacagegga gtggagaagc tgaaaacaat: 4 00 
tcagaeaact: cgggaaggta ecaaggattg gagcacagag gctcagaagc 4 50 
aagtccagct ctccegggge tgaagctgag tgcagafccag gtggeectgg 5 00 
tctacagcac gctggggctc tgcctgtgtg ccgtcccetrg eegcttcctg 550 
gtggcggtgg cetgcctcct caagaagagg ggggatccet gctcctgcca 600 
gccccgctca aggccccgtc aaagtccggc caagtcfctcc eaggaccacg 650 
cgatggaagc cggcagccct gtgagcacafc cceccgagcc agtggagacc 700 
tgcagcttct gcttccctga gtgcaggpcg cccacgcagg agagcgcagt 750 
cacgcctggg acceccgacc ccactcgtgc fcggaaggcgg gggtgccaca 900 
ccaggaccac agtcccgcag ccttgcccac acafccccaga eagtggcctt B50 
ggcattgtgt gtgtgcctgc eeaggagggg ggcccaggtg cataaatggg 900 
ggtcagggag ggaaaggagg agggagagag atgrgagagga ggggagagag 950 
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aaagagaggt ggggagaggg gagagagata tgaggagaga gagacagagg 1000 

aggcagaaag ggagagaaae agaggagaca gagagggaga gagagaeaga 1O50 

gggagagaga gacagagggg aagagaggca gagagggaaa gaggcagaga llOO 

aggaaagaga caggeagaga aggagagagg cagagaggga gagaggcaga 1150 

gagggagaga ggcagsgaga cagagaggga gagagggaca gag'agag&ta 12 00 

gagcaggagg tcggggeact ctgagteeca gttcccagtg cagccgfcagg 1250 

tcgtcaccac ctaaccacae gtgeaataaa gtcctcgtgc cfcgctgctea 1300 

cagcccccga gagcccctcc tcctggagaa taaaaecttt ggcagctgfcc 1350 

cttcctcaaa aaaaaaaaaa aaaaaaa 2377 

<2X0> 2 
<ZXX> 233 
<212> PRT 

<213> Homo sapiens 
<4 00> 2 

Wet Ser Gly Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val 
15 10 15 

Asp GIq Glu Glu Arg Pha Pro Gin Gly Leu Trp Thr Gly Val Ala 
20 25 30 

Met Arg 5er Cya Pro Glu Glu Gin Tyr Trp Asp Pro Leu Leu Gly 
35 40 45 

Thr Cya Wet 5er cys Lys Thr tie Cys Aan His Gin ser Gin Arg 
50 55 60 

Thr Cys Ala Ala Phe Cys Arg Sec Leu Ser Cya Arg Lys Glu Gin 

' 65 70 75 

Gly Lys Phe Tyr Asp His Leu Leu Axg Asp Cys He Ser Cys Ala 
SO 85 90 

Ser lie Cys Gly Gin His Pro Lys Gin Cya Ala Tyr Fha Cya Glu 
95 100 105 

Asn Lys Leu Arg Ser Pro val Asn Leu Pro Pro Glu Lea Arg Arg 
110 115 120 

Gin Arg Ser Gly Glu val Glu Aan Asn Ser Asp Asn Ser Gly Arg 
125 130 135 

Tyr Gin Gly Leu Glu His Axg Gly Ser Glu Ala 5er Pro Ala Leu 
140 145 150 

Pro Gly Leu Lys Leu Ser Ala Asp Gin Val Ala Leu Val Tyr Ser 
155 160 165 

Thr Leu Gly Leu Cys Leu Cys Ala Val Leu Cya Cya Phe Leu val 
170 X75 ISO 

Ala Val Ala Cya Phe Leu Lys Lys Arg Gly Asp Pro Cys Ser Cys 
185 190 IBS 
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Gin Pro Arg Ser Arg Pro Arg Gin Ser Pro Ala l.ys Ser Ser Gin 
200 ZDS 210 

Asp His Ma Met. Glu Ala Gly Ser Pro V a l Ser rhr Ser Pro Glu 
2X5 220 225 

Pro val Oln Thr Cy5 Ser Phe Cya Phe Pro Glu Cys Arg Ala Fro 
230 235 240 

Thr Gin sl-u ser Ala Val Thr Pre Gly Thr Pro Asp Pro The Cys 
245 250 25S 

Ala Gly Arg Trp Gly Cys Hi a Thr Arg Thr Thr Val ieu Gin Pro 
260 265 270 

Cys Pro His Il« Pro Asp Ssr Cly Leu Gly lie Val Cys Val Pro 
275 280 ZBS 

Ala Gin Slu Gly Gly Pro Gly Ala 
290 

<21P> 3 

<211> 995 

<212> DMA 

<213> Homo sapiens 

r4 00> 3 

aagaefccaaa ettagaaact ^gaafctagat gtggtafc-tca aatcctta'cg 50 
tgccgegaag acaeagaeag cceccgtaag aaeccacgaa geaggegaag 100 
ttcarcgttc tcaacattct agctgctcxt gcrgcartxg ctctggaatt; 150 
cttgtagaga tat:cactt9t cettceaggc cgtteefctct gtagctccct 200 
tgtttfccttt ttgtgatcat gttgcagatg gctgggcagr. gctcecaaaa 250 
tgaatatttx gacagectge tgeatgcttg cacaccctgt caacttegat 300 
gttcttetaa tactcctcct cCascafcgtc agcgteattg -fcaacgcaagt 350 
gtgaccaatc cagtgaaagg aaegaatgcg attctetgga cetgtttggg 400 
actgagctta ataatttctt tggcagfcttt egtgetaatg tttttgctaa 450 
ggaagataag ctcegaacca ctaaaggacg agettaaaaa cacaggatca 500 
ggcetcctgg gcatggctaa cattgaectg gaaaagagca ggactggtga 550 
tg-aaaTitatT: cttccgagag gcctegagta cacggtggaa gaatgcacct 600 
gtgaagactg catcaagagc aaaccgaagg tcgactctga ccactgcttt 650 
ccactcccsg ctatggagga aggcgcaacc attcfctgtca ccacgaaaac 700 
gaatgacfcat tgcaagagcc tgccagctgc tttgagtgct acggagatag 750 
agaaatcaat ttctzgctagg taattaacca tttcgaetcg agcagtgcca 800 * 
cctcaaaaat cttttgtcag aatagacgas gtgtcagatc tctttaggat 850 
gaccgcattt ttcag^ctgcc gatacagctt ttcgtcctct aactgtggaa 500 
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aetctctatg tt&gacatat trctctaggt tactgttggg agcfctaacgg 950 

tagaaacttc cttggtttca cg&ttaaagt cttttttttt cctgs ?95 

<2l0> 4 
<211> 194 
<2lZ> PR? 

<213> Homo sapiens 
<400> 4 

Met Leu Gin Met Ala Gly Gin Cys 5ar Gin Asn Glu Tyr Fhe Asp 
1 5 10 15 

Ser I#eu Leu Jiis Ala Cys He Pro Cys Gin Leu Arg Cys Ser Ser 
20 25 30 

Asn Thr Pro Pro Leu Thr Cys Gin Arg Tyr Cys Asn Ala S«r val 
35 40 45 

Thr A*n Ser Val Lys Gly Thr A3n Ala Tie Leu Trp Thr Cys Leu 
50 55 €0 

Gly Leu Ser Leu lie lis Ser Leu Ala Val Phe Val Leu Met Phe 
65 70 75 

Leu Leu Arg Lys Zle Sex Ser G-Lu Pro Leu Lys Asp Glu Phe Lys 
60 65 90 

Asn Thr Gly Ser Gly Leu L*u Gly Mot Ala Asa lie Asp Lou Glu 
95 100 105 

Lys Ser Arg Thr Gly Asp Glu lie II o Leu Pro Arg Gly Leu Glu 
110 115 120 

Tyr Thr Val Glu Glu Cys Thr Cys Glu Asp Cys lie Lys Ser Lys 
125 130 135 

Pro Lys Val Asp Ser Asp Hia Cys Phe Pro Leu Pro Ala Wet Glu 
110 145 150 

Glu Gly Ala Thr lis Leu Val Thr Thr Ly» Thr Aan Asp Tyr Cys 
155 160 165 

Lys Ser Leu Pro Ala Ala Leu Sec Ata Thr Glu lie Glu Lys Ser 

170 175 190 

He Ser Ala Arg 



<210> 5 
<211> 853 
<212> DMA 

<21S> Homo sapiens 
<400> 5 



atggatgact 


ccacao/aaag 


ggagcagtca 


cgccctactt 


cttgccttaa 


50 


gaaaagagaa 


ga aatgaaac 


tgaAggagtg 


tgtttccatc 


ctecoaegga 


100 


sggaaagcec 


ctetg^ccga 


fccct ccaaag 


acggaaagct 


gctggctgca 


150 


accCtgctgc 


Cggcactgct 


gt cttrgctgc 


cteacggtgg 


tgtctcccCa 


200 
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ccaggtggec gccetgcaag gggacctggc cagcctcegg gcsgagefcge 250 

agggccaeca cgeggagaag ctgccagcag gagcaggagc ccccaaggcc 300 

ggcttggagg aagctceage tgtaaccgcg ggactgaaaa tctttgaacc 350 

accagctcca ggagaaggca aceccagcca gaaeagcaga aataagcgtg 400 

ccgttcsggg tcca$aagaa acagtcacte aagactgctr gcaactgatt 450 

gcagacagcg saacaccaac tatacaaaaa ggatetfcaca catttgttce 500 

acggcttctc agctttaaaa ggggaagcgc cctagaagaa aaagagaata 550 

aaatattggt caaagaaaet ggttacticxt ttatatargg tcaggtttta 600 

tatacfcgata agacctaegc catgggacafc ccaattcaga ggaagaaggt 650 

ccatgfccttt ggggstgaat: tgagtctggt gactttgttt cgatgtatte 700 

aaaatargcc tgaaacacta cccaataatt cc^gctattc agctggcat:* 750 

gcaaaactgg aagaaggaga tgaactccaa cttgcaatac caagagaaaa 800 

tgcacaaata teactggatg gagatgtcac attttttggt gcatfcgaaae 850 

ngctgtga BS8 

<210> S 
<Zll> 285 
<212> PAT 

<213> Homo sapiens 
<4 00> & 

Met Aap Asp Sexr Thr Clu Arg Glu Gin 5er Arg Leu Thr Sisr Cys 
15 10 15 

Leu Lys Lys Arg Cl\j Glu Met Lys Leu Lys Glu Cya Val Ser lie 
20 25 30 

Leu Pro Arg Lys Glu Ser Pro Ser Val Arg Sex S«r Lys Asp <?ly 
35 40 45 

Lvs Leu Leu Ala Ala Thr L<au Lau Leu Ala Leu Leu Sear Cya Cys 
SO 55 €0 

Lsu Thr Val Val Sar Pha Tyr Gin Val Ala Ala Leu Gin Cly Asp 
65 70 7 5 

Leu Ala S«r Leu Arg Ala Glu Lgu Gin Gly His His Ala Glu Lys 
80 65 90 

Leu Pro Ala Gly Ala Gly Ala Pro Lys Ala Gly Leu Glu Glu Ala 
$5 100 105 

Pro Ala val The Ala Gly t,eu Lys lie PhQ Glu Pro Fro Ala Pro 
110 H5 l* D 

Gly Glu Gly Asn Sec Sec Gin Asn Ser Arg ftsn Lys Arg Ala Val 
125 130 133 

Gin Gly Pro Glu Glu Thr Val Thr Gin Asp Cys Leu Gin Leu lie 
X40 145 I 50 
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Ala Asp Ser Glu Thr Pro Thr lie Gin Lys Gly Ser Tyr Thr Phe 

15S 160 155 

Val Pro Trp Leu Leu Ser Phs Lys Arg Gly Ser Ala Lau Glu Glu 

170 175 180 

Lys Glu A»n Lys Tie Leu Val Lys Glu Thr Gly Tyr Pti« Phe lie 

195 190 19S 

Tyr Gly Gin Val Leu Tyr Thr Asp Lys Thr Tyr Ala Met Gly His 

200 205 210 

Leu lie Gin Arg Lys Lys v a l His vai Phe Gly Asp Glu Leu Ser 

215 220 225 

L«u Val Thr Leu Che Arg Cy» He Gla Aan Met; Pro Glu Thr Leu 

230 235 240 

Pro Asn Asn Ser Cys Tyr Ser Ala Gly Ha Ala Lys Leu Glu Glu 

245 250 Z55 



Gly Asp Glu Leu Gin Leu Ala He Pro Arg Glu Asn Ala Gin tie 
260 265 270 



Ser Leu Asp Gly Asp Val Thr Phe Phe Gly Ala Leu Lya Leu Leu 
275 2B0 295 

<210> 7 

<2ll> 1346 

<212> DNA 

<213;> Homo sapiens 

<«500> 7 

ggtacgaggc ti;cctagagg gactggaacc taattctcct gaggctgagg 50 
gagggtggag ggtctcaagg caacgcfcggc eccacgaegg agtgceagga 100 
geactaaeag tacecttagc ttgettfccct cetccctcct ttetateetc 150 
aagcecccet ttatcfcctec regegtaaca accctcttcc cttctgcacc 200 
actgcccgta cccttacccg cccc^ccacc tccttgctac cccactcrtg 250 
aaaceacagc tgttggcagg gtecccagct catgceagce teatctcctc 300 
tettgctagc ccccaasggg ectccaggca aeatgggggg cccagtcaga 350 
gagccggcac tctcagtrgc cetctggrtg agtcgggggg cagctccggg <J00 
ggccgtggct tgtgccatyg ctctgctgac cc&acaseca gagctgcaga 450 
gcctcaggag agaggcgagc cggctgcagg ggacsggagg cccctcceag 500 
aatggggaag ggfcatccctg gcagagtctc ceggagcaga gttccgatgc 550 
cctggaagec tgggagaatg gggagagatc ccggaaaagg agageagtgc 600 
ecacecaaaa acagaagaag cagcaetctg tectgcacet ggtceccatt &50 
aacgccacct ecaaggatga ctcegatgtg acagaggtga tgtggeaace 70 0 
agctcttagg cgtgggagag gcctacaggc ccaaggatat ggngtccgaa 750 
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10 



15 



30 



35 



ccaggcggcc 


gccetgcaag 


gggacctggrc 


cagcctccgg 


gcagagctge 


250 


agggecacca 


cgcggagaag 


ctgccagcag 


gagcaggagc 


ccc caaggcc 


30 0 


ggcttggagg 


aagctccagC 


tgtcaccgcg 


ggactgasaa 


tctttgaacc 


350 


accagctcca 


ggagaaggca 


actccagtca 


gaaeagcaga 


aataagcgfcg 


400 


tcgttcsggg 


tccagaagaa 


acagtcactc 


aagactgctt 


gcaactgatt 


450 


gcagacagtg 


aaacaccaac 


tatacaaaaa 


ggatettaca 


cacttgtfccc 


500 


atggcttctc 


agctttaaaa 


ggggaagtgc 


cctagaagaa. aaagagaata 


550 


aaatattggt 


caaagaaaet 


ggttactttt 


xtatataTgg 


tcaggtttta 


€00 


tatacfcgata 


agacctaegc 


catgggaca t 


ccaattcaga 


ggaagaaggt 


650 


ccatgtcfett 


ggggatgaat 


tgagtctggt 


gactttgttt 


cgatgtattc 


700 


aaaatatgcc 


tgaa acacia 


cccaataatt 


ccxgctattc agctggcatt 


750 


gcaaaactgg 


aagaaggaga 


tgaactccaa 


cctgcastac 


caagagaaaa 


600 


tgcacaaafca 


teactggatg 


gagatgtcac 


at:tttttggt 


gcatfcgaaae. 


850 


tgctgtga B58 











20 



<210> 6 

25 <2U> 285 

<212> PW 

<213> Homo sap ion a 
<4 00> B 

Het Asp Asp Ser Thr Glu Ar$ Glu Gin Ser Arg Leu Thr Ser Cys 

15 10 15 

Leo hys Ly3 Arg Clu Glu »©t Lys Leu Lys Glu Cya Val Ser He 

20 25 30 

Leu Fro Arg Lys Glu Ser Pro Ser Val Arg Ser Ser Lye Asp Gly 

35 40 45 

Lys Leu Leu Ala Ala Thr Leu Leu Leu Ala Leu Leu Ser Cya Cys 

50 55 €0 

Lett Thr v*l Val Sar Phe Tyr Gin Val Ala Ala Leu Gin Cly Asp 

65 70 75 

40 

Leu Ala Ser Lea Arg Ala Glu Lou Gin Cly His His Ala Glu Lys 

B0 65 90 

Leu Pro Ala Gly Ala Gly Ala Pro Lys Ala Gly Leu Glu Glu Ala 

95 100 105 

45 Pro Ala Val The Ala Gly Leu Lya lie Phe Glu Fro Fro *Ala Pro 

. 110 US 120 

Gly Glu Gly Asn Ser Ser Gin A*n Ser Arg Asn Lys Arg Ala Val 

125 130 135 

50 G i n Qiy p ro Glu Glu Thr Val Thr Cln Asp Cys Leu Gin Leu lie 

140 145 150 
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Ala Asp Ser Glu Thr Prp Thr ri% Gin Lys Gly Ser ryr Thr Ptie 
155 160 1S5 

Val Pro Trp Leu Lea Ser Phe Lys Arg Gly Ser Ala Leu Glu Glu 
170 175 L8Q 

Lys Glu ftsn Lya lie Leu val Lys Glu Thr Gly Tyr Ph« Phe He 
165 150 19S 

Tyr Gly Gin Val Leu Tyr Thr Asp Lya Thr Tyr Ala Met Gly His 
200 205 210 

Leu lie Gin Arg Lys Lys Val His v&i phe Gly Asp Glu Leu Ser 
215 220 225 

Li»u VaJ. Thr Leu Phft Arg Cya lie Gin Aan Met Pro Gla Thr Leu 
15 230 235 240 

Fro Asn Asn Ser Cys Tyr Ser Ala Gly Ha Ala Lya LSu Glu Glu 
245 250 255 



10 



20 



Gly Asp Gl« Leu Gin t<eu Ala lie Pro Arg Glu Asn Ala Gin tie 
2 60 265 270 

Ser Leu Asp Gly Asp Val Thr Phe Phs Gly Ala Leu Lys Leu Leu 
275 ZBO 295 

<210> 7 
<2XX> 1346 
25 <2\2> DNA 

<213;> Homo sapiens 

<400> 7 

ggtacgaggc tccctagagg gactggaacc taat tercet gaggctgagg 50 
3Q gagggtggag ggtctcaagg caacgcfcggc cccacgacgg agtgceagga 100 

gcactaaeag tacccttagc ttgetttect cctccctcct ttttatcctc 15D 
aagtteccet teatctewe ttgegtaaca accttcttcc cttctgcace 200 
actgcccgta cecttacccg cccegccacc tccttgctac cccacrcctg 250 
aaaccacagc egttggcagg gteeccagct catgecagee tcatctcctt 3.00 
tettgetage ecccaaaggg cctccaggca aeatgggg^gg eccagtcaga 350 
gageeggcae tcfcca'gttgc cetcc^gttg agtcgggggg eagctceggg «00 
ggccgtggct tgtgccatgg etctgetgae ccaacaaaca gagctgeaga 450 
gectcaggag agaggtgagc eggctgeagg ggacaggagg eccctcceag 500 
aatggggaag ggtatccctg gcagagtctc eeggagcaga gttccgatgc 550 
cctggaagec tgggagaatg gggagagaic ceggaaaagg agageagtgc COO 
ccacccaaaa. acagaagaag cagc&etctg tcctgcacct ggtceccatt £50 
aacgccscct ccaaggatga ctccgatgtg acagaggtgn tgtggcaace 700 
50 agctcttagg cgtgggagag gcctacaggc ccaaggatat ggtgtcegaa 750 



35 



45 
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tccaggatge 


tggagtttan 


ctgcfcgt-sta 


gccaggt,cct 




800 


gtgactttc-a 


ccatgggtca 


ggtggtgtct 


cgagaaggcc 


aagyeia y y 




gga^actcta 


ttccgatgta 




gccctcccac 


ccggaccggg 




cctacaacag 


ctgctacage 


geaggtgtct 


tccat ctaca 


ccaaggggat 


OCA 

«v 


attctgagtg 


teataatfcee 


eegggcaagg 


gcgaaacnta 


acctctctcc 


1000 


acatggaace 


ttcctggggt 


ttgtgaaace 


gtgattgtgt 


tatasaaagt 


1050 


ggefccecage 


ttggaagaec 


agggtgggta 


catactggag 




1100 


gctgagtata 


taaaggayag 


ggaatgtgca 


ggaacagagg 


caccttcctg 


1150 


ggttcggcte 


cccgttccnc 


acttttccct 


cttcattcce 


aecccctaga 


1200 


ctttgatttt 


acggataCct 


tgcttctgtt 


ccccatggag 


ctccgaatcc 


1250 


ttgcgtgtgt 


gtagatgagg 


ggcgg^ggac 


gggcgccagg 


cattgtteag 


1300 


acetggtcgg 


ggeccactgg 


a&gcatccag 


aacagcacea 


ccatctta 134 9 



<21D> 8 
<2ll> 250 
<212=> PP.T 

<213> Homo sapiens 

<40D> 6 
Met Pro Ala Ser Ser 
1 5 

Gly Asn Met Gly Gly 
20 

Leu Trp Leu Sar Trp 

35 



Mac Ala Leu teu Thr 
50 

Glu Val 5<ar Arg Leu 
65 

Glu Gly Tyr Pro Trp 
80 



Leu Glu Ala Trp Clu 
95 

Val Leu Thr Gin Lys 
110 

Val Pro lie Asn Ala 
125 



Val Met Trp Gin Pro 
140 



Gin Gly Tyr Gly Val 
155 



era Phe Leu Lqu Ala Pro Lys Gly Pro Pro 
10 15 

JPro val Arg Clu Pro Ala Leu Ser Val Ala 
25 30 

Gly Ala Ala Leu Gly Ala Val Ala Cyfi Ala 
40 45 

Gin Gin Thr Glu Leu Gin Ser Leu Arg Arg 
55 60 

Gin Gly Thr Gly Gly Prp Ser Gin Asn Gly 
70 7 5 

Gin Ser Leu Pro Glu Gin Sor Ser Asp Ala 
85- 90 

Asn Gly Glu Arg Ser Arg Lys Arg Arg Ala 
1Q0 105 

Gin Lys Lys Gin His Ser v a i Leu Hi* Leu 
115 120 

Thr Ser Lys Asp Asp Ser Asp Val Thr Glu 
130 135 

Ala Leu Arg Axg Gly Arg Gly Leu Gin Ala 
145 150 

Arg He Gin Asp Ala Gly val Tyr Leu Lau 
ISO 165 
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Tyr Ser Gin Val Leu phe Gin Asp val Thr Phe Thr Hec Gly Gin 
170 175 ISO 

Val Val Sex Arg Glu Gly Gin Gly Arg Gin. Glu Thr Leu Ehe Arg 
195 130 195 

Cys He Arg Ser Met Pro 5er His Pro Asp Arg Ala Tyr Asn 5er 
200 205 210 

Cys Tyr Sex Ala Gly V*l Phe His Leu Hi3 Gin Gly Asp lie Leu 
215 220 225 

Ssr V*l He Xle Pro Arg Ala Arg Ala Lys Leu Asn Leu Ser Pro 
230 235 240 

His Cly Thr Pha Leu Gly Phe Val Lys Leu 
245 250 

<21Q> 9 

<;211p> 265 

<212> PRT 

<213> Honu? sapiens 

<aoo> 9 

Mat Ser Gly Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg VaL 
15 10 15 

Asp Gin Glu Glu Arg Phe Pro Gin Gly Leu Tip Thr Gly Val Ala 
20 25 30 

Wet Arg Ser Cys Pre Glu Glu Gin Tyr Trp Asp fro Leu Leu Gly 
35 40 4 5 

Thr Cys Wet Ser Cys Lys Thr lie Cys Asn His Gin Ser Gin Arg 
50 55 60 

Thr Cys Ala Ala Phe Cys Arg Ser Leu Sex Cys Arg Lys Glu Gin 
65 70 75 

Gly Lys Ftie Tyr Asp His Leu Leu Arg Asp Cys Xle Ser Cys Ala 
B0 B5 90 

Ser lie Cys Gly Gin His Pro Lys Gin Cys Ala Tyr Fhe cys Glu 
95 100 105 

Asn Lys Leu Arg Ser Pro Val Asn Leu Pre Pro Glu Leu Arg Arg 
110 115 120 

Gin Arg Ser Gly Glu Val Glu Asn Asn Ser Asp ASn Ser Gly Azrg 
125 130 135 

Tyr Gin Gly Leu Glu His Arg Gly 5er Clu Ala Ser Pro Ala Lsu 
140 145 150 

Pro Gly Leu Lye Leu Ser Ala Asp Gin Val Ala Leu Val Tyr Ser 
155 160 165 

Thr Lgu Gly Leu Cys Leu Cys Ala Val Leu Cys Cys Fne Leu Val 
170 175 160 

Ala Val Ala Cys Phe Leu Lys Lys Arg Gly Asp Pro Cys 5er Cys 
185 130 155 
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Gin Pro Arg Ser Arg Pro Arg Gin Ser Pro 

ZOO 205 

Asp His Ala Met Glu Ala Gly Ser Pro V a l 

315 ■ 220 

Pro val Giu Thr Cya Ser Phe Cys Phe Pro 

230 235 



Thx Gin Glu Ser Ala Thr Pro Gly Thr 
245 250 



Ala Gly Arg Thr Ala Pro Pro Arg Glu Gly 
260 265 

<2\0> 10 
<211? 11 
<212> PRT 

<213> Artificial sequence * 
<220> 

<2J23> Sequence is synthesized. 
*<40D> 10 

Ala Ser Gin Lys Arg Pro Ser Gin Arg Ser 
15 10 

<Z10> 11 

<211> 1377 

<212> DNA 

<213?- Homo sapiens 

<400> H 



tctttttttt 


tttttctttt 


gaggaaggge 


agctgeeaaa 


ggtcttafctc 


50 


teca ggagga 


ggggctctcg 


ggggctgfc-ga 


gcagcaggca 


cgaggaefctt 


100 


attgcacgtg 


tggttaggtg 


atgacgacct 


acagctgcac 


tgggaactgg 


150 


gactcagagt 


geccegacct 


cctgctccat 


ctctctctg-t 


ccctct ct:ce 


200 


ctctccgtct 


ctctgcctct 


ctccctctct 


gcctctctcc 


ctctctgcct 


250 


ctctccctct 


ctgcctgtct 


ctttccttct 


ctgcctcttr. 


ceetctefcge 


300 


ctctctcccc 


ctctgtctct 


ctccccctct 


gtctctctct 


ccctctctgt 


3S0 


ctectetgtfc 


tetctcccfc t 


tctgcctcct 


etgtetc* ct 


ctcctcatat 


400 


ctctetcecc 


fcctccccacc 


tcbetttcte 


fccicccctcc 


tctecatctc 


450 


tctecctccc 


cctttccctc 


cccgaccccc 


atttatgoae 


ctgggcccce 


500 


Ctccr.gggca 


ggcacaeaca 


caargceaag 


gccactgtct 


gggatgtgtg 


5S0 


ggcaaggctg 


eaggactg-tg gtcctggtgt 


ggcaccccca 


ccttccagca 


600 


eaagtggggt 


egggggtccc 


aggcgtg-act 


gcgccctcct gcgcgggcgc 


€50 


cctgcactca 


gggsageaga 


agecgcaggt 


ctccaccggc 


-ccgggggatg 


700 


rgcteacagg 


gctgccggct 


tccatcgcgt 


gatcctggga 


agacttggcc 


750 



Ala ty3 Ser Ser Gin 
210 

Ser Thr Ser Pro Glu 
2Z5 

Glu Cys Axg Ala Pro 
240 

Pro Asp Pro Thr cys 
255 
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ggaetttgac ggggccxtga gcggggetgg caggageagg gat:cccccct fi00 

cttcttgagg aagcaggcca ccaccaccag gaagcagcag aggacggcae 850 

acaggcagag ccccagegtg ctgtagacca gggccacccg atctgcactc 900 

a 9 ctt:c 4 gcc ccg^gagagc tggacttgct tctgagccrc tgtgctccaa 950 

tccttggtae cttcccgagt tgtctgaatt gttctcaacf tctccactec 1000 

getgcctccT: gagccctggt ggaaggttca ccgggctcct gagcttgttc 1050 

tcaeagaagt atgcacatfcg cttagggtge tgtceacaga tggaggeaca 1100 

gctgatgceg tccctcagga gatggtcata gaacttgcct tgctcctcgc 1150 

ggcagetgag tgacctgcag aaggctgcac aggtgcgctg gctccga-cgg 1200 

trgcaaatgg ctrtgcagga catgcaggta cccagcagag gaccccagta 1250 

ctgcccttcg gggcaggatc tcatagccac ccccgtccac aggecctgtg 1300 

gaaagcgcw cticct^gtcc acacggc-tcc ggccaccteg cctgctccgg 1350 

cccaggccac teattactca ggatgct 1377 

<220> 12 

<2U> 995 

<Z12> 0t*A 

^Z13> Acno sapiens 

<400> 12 

tcaggaaaaa aaaagacttc aatcatgaaa ceaaggaagt ttcraccatt 50 
aagctcccaa cagcaaccta gagaaatata tctaacotaa agagtcecca 1Q0 
cagtcagagg seaaaaagct gtatcggcaa ctgaaaaata cagtcatcct 150 
aaagagacct gacacatcat ctattctgac aaaagaettC taaaytggca 200 
ctgctcgagt cgaaatggtt aatfcacetag eagaaaetga tttctctatc 250 
tccgtagcae tcaaagcagc t^gcaggctc ttgcaatagt eattcgtttt 300 
cgtg9*gaca agaatggccg cgccrccctc catagctggg agtggaaagc 350 
aatggtcaga gtcgaccttc ggtttgetcfc tgatgcagtc ttcacaggtg 400 
cattcttcca ccgtgfcaccc gaggcetctc ggaagaataa cttcatcacc 450 
agtcctgcte utttccaggt caatgttagc catgcccagg agacctgatc 500 
ctgtgttctt aaacccgtcc tttaatggtc cagagettafc cutccteagc 550 
aaaaacatta geacgaaasc cgecaaagaa attattaagc ccagtcccoa 600 
acaggtecag agaatcgcat tcgttccttc caetgaattg gtcacacttg 550 
cattacaata acgctgacac gttagaggag gagtatcaga ageacaccga 700 
agttgacaag gtatgcaagc atgcaacaaa ctgtcaaaac actcattttg 750 
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10 



15 



20 



ggag-cactgc ccagccatet gcaacatgat cacaaaaaga aaaeaaggga 900 
gcfcacagaaa gaacagcctg gaaggaeaag taatatctct acaagaattc 850 
cagagcaaat gcagcAagag cagctsgsat gttgagaac^a atgaact^cg 900 
cctgcttcgt gggttcttac gggggetgtc tgtgtcttcg cggcacgtaa 950 
ggatttgaat accacatcfca attcaagttt ctaagtrtga gtett 5 * 5 
<2I0> 13 
<Z\Z> DMA 

<213> Homo sapiens 
<400> 13 

tcacagcagt ttcgat^cac caaaaaat^t gacacctcca tceagxgata SO 
tttgtgeatt ttctcttggt attgcaagtt ggagtteafcc tcetMttee XOO 
agttttgcaa rgccagefcga atagcaggaa fctattgggba g«gt«cagg 150 
catattttga atacatcgaa acaaagtcac eagactcaai; tcatccceaa 20Q 
agaeatggac cttettccte fcgaattagat gtcceatggc gtaggtctfca 250 
tcagiatata aaacet;gacc atatat-aaaa aagtaaecag tttctttgac 300 
caatatttta ttcfcctttt* crtcta^ggc acfctrecccct tcaaagetga 350 
25 gaagecatgg aacaaatgtg traagatcett tttgtata^C fcggtgtttca 400 

ctgtctgcaa tcagttgcaa gcagtct:tga gtgactgttt: ctte-tggacc 450 
etgaacggea cgcttatttc tgctgttctg actggagtfcg ecttctcctg 5DQ 
gagctggtgg ttcaaagatt ttcagtcecg cggfcgaeage tqjgagcttce 550 
tccaagccgg ccrtg99ggc tectgctcct gctggcagct tctccgcgtg 600 
gtggccctgc agccctgccc ggaggctgge cagpfcceect fcgesgggc^ 550 
ccacctggta gaaagacace accgegaggc agcaagacag cagtgccagc 700 
agcaaggtug ca^ccagcag cctteegtct ctggaggatc ggscagaggg 750 
getttectcc egtgggagga cggaaacaca ctccttcagt ttcatttcce 600 
ctctrttci:t aaggcaagaa' gtaaggcgtg acxgctrccct ttctgfcggag 650 
tcatccat B5B 
<2io> ia 

<Zll> 1348 
<212> DMA 

<213> Bono sapiens 



30 



4a 



45 



50 



<400> 14 __ 
taagatggtg gt^ctgttct ggatgcttce agtgggcccc gacsaggtet 50 

gaaoaatgce tg^cgcccgt cceccgcccc fccetctacac acac^caaga 100 

attcggagct ceafcggggaa cagaagcaag atatc^gtaa aatcaaagtc 150 



55 



EP 1 666 052 A1 



tagggggtgg gaatgaaaag ggsaaagcga ggaacgggga gccaaaccca 200 
ggaagatgec tctyttcctg cacattcccfe ctcctttsta taetcagcte 250 
ttggctgtcc ccagtatgta cecaecctgg tcttceaagc tgggagcc&c 300 
tttttataac acaatcacag tttcaca^ac cecaggaagg ttccatgtgg 350 
sgagaggtta agfcfctcgecc ttigccegggg aatfeatgaca eteagaafcat 400 
eccctfcggtg caaatggaag aeacctgcgc tatagcagct gttgtaggcc 450 
cggtcegggt gggagggcat acttcttata catcggaata gagfectcctg 500 
ccttccttgg ccttetcgag acaccacetg acccatggtg aaagtcacgt 550 
cttgaaacag gacetggeta tacagcagat aaactccsgc afccctggatt 600 
cggacaccac atccttgggc ctgtaggcct ctcccacgcc taagagctgg €50 
ttgecacatc acccctgtca catcggagtc atccttggag gtggcrgfctaa *?0O 
tgggaaccag gtgcaggaca gagtgctgct tcttetgttt ttgggtgage 750 
acxgctctcc ttttccggga tccctcccca ttctcccagg cttccagggc S00 
atcggaactc tgctecggga gactctgcca gggataccet tecceattet B50 
gggaggggcc tcctgtcecc tgcagcegge tcacetctcc cctgaggctc 900 
tgcagctctg tttgttgggt cagcagagcc atggcacaag ccacggccce 950 
cagsgctgcc ccccaactca accagagggc aactgagagt gcicggctctc 1000 
tgactgggcc ccccatgttg cctggaggcc etttggggge tagcaagaaa 1050 
ggagatgagg ctggcatgag ctggggacce tgecaacagc tgtggtttea 1100 
agagcggggt agcaaggagg tggcggggcg ggtaagggta cgggcagtgg 1150 
tgcagaaggg aagaaggtcg ttacgeaagg agaaataaaa .aggaaettga 1200 
aaataaaaag g«9ggagg«9 gaaageaagc caagggtact gttagtgetc 1250 
ctggcaetcc gtcgtggggc cagcgfctgce ttgagaeect ccaccctccc 13D0 
tcagcetcag gagaafctagg ttccagtccc tctsggaagc ctcgtacc 1349 



Claims 



1. A method of inhibiting or neutralizing TALL-1 polypeptide biological activity in mammalian cells, comprising exposing 
said mammalian cells to an effective amount of TALL-1 polypeptide antagonist 

2. The method of claim 1 wherein said TALL-1 polypeptide comprises a native sequence TALL-1 polypeptide having 
the amino acid sequence of Figure 3 (SEQ ID NO:6) or a fragment thereof which exhibits a biological activity of the 
native sequence TALL-1 polypeptide shown in Figure 3 (SEQ ID NO: 6). 

3. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises aTACI receptor immunoadhesin. 

4. The method of claim 3 wherein said TAC I receptor immunoadhesin comprises aTACI extracellular domain sequence 
fused to an Fc region of an immunoglobulin. 

5. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises a BCMA receptor immunoadhesin. 
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6. The method of claim 5 wherein said BCMA receptor immunoadhesin comprises a BCMA extracellular domain 
sequence fused to an Fc region of an immunoglobulin. 

7. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises aTACI receptor variant. 

8. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises a BCMA receptor variant. 

9. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises aTACI receptor linked to a nonpro- 
teinaceous polymer selected from the group consisting of polyethylene glycol, polypropylene glycol, and polyoxy- 
alkyfene. 

10. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises a BCMA receptor linked to a non- 
proteinaceous polymer selected from the group consisting of polyethylene glycol, polypropylene glycol, and poly- 
oxyalkylene. 

11. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises aTACI receptor polypeptide or BCMA 
receptor polypeptide linked to a heterologous sequence. 

12. The method of claim 1 1 wherein said heterologous sequence is an epitope tag sequence. 

13. The method of claim 1 1 wherein said heterologous sequence is a leucine zipper sequence. 

14. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises an antibody selected from the group 
consisting of aTACI receptor antibody, a BCMA receptor antibody, a TALL-1 polypeptide antibody and an APRIL 
polypeptide antibody. 

15. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises an extracellular domain sequence 
of TACI receptor or an extracellular domain sequence of BCMA receptor. 

1 6. The method of claim 1 wherein said TALL-1 polypeptide antagonist comprises an antagonist molecule which inhibits 
or neutralizes both TALL-1 polypeptide and APRIL polypeptide biological activity in mammalian cells. 

17. The method of claim 1 wherein said mammalian cells comprise white blood cells. 

18. A method of inhibiting or neutralizing TALL-1 polypeptide biological activity in mammalian cells, comprising exposing 
said mammalian cells to an effective amount of an antagonist which inhibits or neutralizes a biological activity of a 
native sequence TALL-1 polypeptide having the amino acid sequence of Figure 3 (SEQ ID NO:6) or a fragment 
thereof. 

19. A method of inhibiting or neutralizing APRIL polypeptide biological activity in mammalian cells, comprising exposing 
said mammalian cells to an effective amount of APRIL polypeptide antagonist 

20. The method of claim 19 wherein said APRIL polypeptide comprises a native sequence APRIL polypeptide having 
the amino acid sequence of Figure 4 (SEQ ID NO:8) or a fragment thereof which exhibits a biological activity of the 
native sequence APRIL polypeptide shown in Figure 4 (SEQ ID IMO:8). 

21. The method of claim 19 wherein said APRIL polypeptide antagonist comprises a TACI receptor immunoadhesin. 

22. The method of claim 21 wherein said TACI receptor immunoadhesin comprises aTACI extracellular domain se- 
quence fused to an Fc region of an immunoglobulin. 

23. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises a BCMA receptor immunoadhesin. 

24. The method of claim 23 wherein said BCMA receptor immunoadhesin comprises a BCMA extracellular domain 
sequence fused to an Fc region of an immunoglobulin. 

25. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises a TACI receptor variant. 
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26. The method of claim 19 wherein said APRIL polypeptide antagonist comprises a BCMA receptor variant. 

27. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises a TACI receptor linked to a nonpro- 
teinaceous polymer selected from the group consisting of polyethylene glycol, polypropylene glycol, and polyoxy- 
alkylene. 

28. The method of claim 19 wherein said APRIL polypeptide antagonist comprises a BCMA receptor linked to a non- 
proteinaceous polymer selected from the group consisting of polyethylene glycol, polypropylene glycol, and poly- 
oxyalkylene. 

29. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises a TACI receptor polypeptide or BCMA 
receptor polypeptide linked to a heterologous sequence. 

30. The method of claim 29 wherein said heterologous sequence is an epitope tag sequence. 

31. The method of claim 29 wherein said heterologous sequence is a leucine zipper sequence. 

32. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises an antibody selected from the group 
consisting of a TACI receptor antibody, a BCMA receptor antibody, a TALL-1 polypeptide antibody and an APRIL 
polypeptide antibody. 

33. The method of claim 32 wherein said APRIL polypeptide antagonist comprises the anti-APRIL antibody 3C6.4.2 
deposited as ATCC accession number PTA-1347. 

34. The method of claim 19 wherein said APRIL polypeptide antagonist comprises an extracellular domain sequence 
of TACI receptor or an extracellular domain sequence of BCMA receptor. 

35. The method of claim 1 9 wherein said APRIL polypeptide antagonist comprises an antagonist molecule which inhibits 
or neutralizes both TALL-2 polypeptide and APRIL polypeptide biological activity in mammalian cells. 

36. The method of claim 1 9 wherein said mammalian cells comprise white blood cells. 

37. A method of inhibiting or neutralizing APRIL polypeptide biological activity in mammalian cells, comprising exposing 
said mammalian cells to an effective amount of an antagonist which inhibits or neutralizes a biological activity of a 
native sequence APRIL polypeptide having the amino acid sequence of Figure 4 (SEQ ID NO:8) or a fragment thereof. 

38. A method of enhancing or stimulating TACI polypeptide activity in mammalian cells, comprising exposing said 
mammalian cells to an effective amount of TACI polypeptide agonist. 

39. The method of claim 38 wherein said TACI polypeptide agonist comprises an anti-TACI agonist antibody. 

40. The method of claim 38 wherein said TACI polypeptide agonist mimics the activity of APARL polypeptide or TALL- 
1 polypeptide. 

41. A method of enhancing or stimulating BCMA polypeptide activity in mammalian cells, comprising exposing said 
mammalian cells to an effective amount of BCMA polypeptide agonist. 

42. The method of claim 41 wherein said BCMA polypeptide agonist comprises an anti-BCMA agonist antibody. 

43. The method of claim 41 wherein said BCMA polypeptide agonist mimics the activity of APRIL polypeptide or TALL- 
1 polypeptide. 

44. A method of treating a TALL-1 -related pathological condition in a mammal, comprising administering to said mammal 
an effective amount of TALL-1 antagonist. 

45. The method of claim 44 wherein said TALL- 1 antagonistis selectedfromthe group consisting of asoluble, extracellular 
domain sequence of TACI orBCMA,TACi receptor immunoadhesin, BCMA receptor immunoadhesin, TACI receptor 
variant, BCMA receptor variant, pegylated TACI receptor, pegylated BCMA receptor, TACI receptor fusion protein, 
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BCMA receptor fusion protein, TACI antibody, BCMA antibody, TALL-1 antibody, and APRIL antibody. 

46. The method of claim 44 wherein said pathological condition is an immune related disease. 

47. The method of claim 46 wherein said immune related disease is an autoimmune disease. 

48. The method of claim 46 wherein said immune related disease comprises rheumatoid arthritis. 

49. The method of claim 44 wherein said pathological condition is multiple sclerosis. 

50. The method of claim 44 wherein said pathological condition is cancer. 

51- The method of claim 50 wherein said cancer is leukemia, lymphoma, or myeloma. 

52. The method of claim 50 wherein said cancer is colon, lung, or melanoma cancer. 

53. The method of claim 44 wherein, in addition to administering said TALL-1 antagonist, one or more cytotoxic agents, 
chemotherapeutic agents, cytokines, or growth inhibitory agents are administered to said mammal. 

54. A method of treating an APRIL-related pathological condition in a mammal, comprising administering to said mammal 
an effective amount of APRIL antagonist. 

55. The method of claim 54 wherein said APRIL antagonist is selected from the group consisting of a soluble, extracellular 
domain sequence of TACI orBCMA,TACI receptor immunoadhesin, BCMA receptorimmunoadhesin, TACI receptor 
variant, BCMA receptor variant, pegylated TACI receptor, pegylated BCMA receptor, TACI receptor fusion protein, 
BCMA receptor fusion protein, TACI antibody, BCMA antibody, TALL-1 antibody, and APRIL antibody. 

56. The method of claim 54 wherein said pathological condition is an immune related disease. 

57. The method of claim 56 wherein said immune related disease is an autoimmune disease. 

58. The method of claim 56 wherein said immune related disease comprises rheumatoid arthritis. 

59. The method of claim 54 wherein said pathological condition is multiple sclerosis. 

60. The method of claim 54 wherein said pathological condition is cancer. 

61. The method of claim 60 wherein said cancer is leukemia, lymphoma, or myeloma. 

62. The method of claim 54 wherein, in addition to administering said TALL-1 antagonist, one or more cytotoxic agents, 
chemotherapeutic agents, cytokines, or growth inhibitory agents are administered to said mammal. 

63. A composition comprising a TALL-1 polypeptide antagonist and a carrier. 

64. The composition of claim 63 wherein said carrier comprises a pharmaceutical ly acceptable carrier. 

65. A composition comprising an APRIL antagonist and a carrier. 

66. The composition of claim 65 wherein said carrier comprises a pharmaceutical ly acceptable carrier. 

67. A monoclonal antibody which specifically binds to APRIL polypeptide and blocks binding of said APRIL polypeptide 
to a TACI receptor or a BCMA receptor. 

68. The monoclonal antibody of claim 67 which further blocks binding of said APRIL polypeptide to a TACI receptor and 
a BCMA receptor. 

69. The monoclonal antibody of claim 67 wherein said monoclonal antibody comprises the 3C6.4.2 antibody secreted 
by the hybridoma deposited with ATCC as accession number PTA-1 347. 
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70. A monoclonal antibody which binds to the same epitope as the epitope to which the 3C6.4.2 monocionai antibody 
produced by the hybridoma ceil tine deposited as ATCC accession number PTA-1347 binds. 

71. The hybridoma celi line which produces monocionai antibody 3C6.4.2 and deposited with ATCC as accession 
number PTA-1347. 

72. The monoclonal antibody 5 E 11.1 .2 secreted by the hybridoma deposited with ATCC as accession number PTA- 1346. 

73. A monocionai antibody which binds to the same epitope as the epitope to which the 5E1 1 .1 .2 monoclonal antibody 
produced by the hybridoma cell line deposited as ATCC accession number PTA-1346 binds. 

74. The hybridoma cell line which produces monoclonal antibody 5E1 1.1.2 and deposited with ATCC as accession 
number PTA-1346. 

75. The monoelvnal antibody 5G8. 2.2 secreted by the hybridoma deposited with ATCC as accession number PTA-1345. 

76. A monoclonal antibody which binds to the same epitope as the epitope to which the 5G8.2.2 monoclonal antibody 
produced by the hybridoma ceil line deposited as ATCC accession number PTA-1345 binds. 

77. The hybridoma cell line which produces monoclonal antibody 5GB. 2.2 and deposited with ATCC as accession 
number PTA-1345. 

78. The monoclonal antibody 5E8. 7.4 secreted by the hybridoma deposited with ATCC as accession number PTA-1 344. 

79. A monocionai antibody which binds to the same epitope as the epitope to which the SE8.7.4 monoclonal antibody 
produced by the hybridoma celi line deposited as ATCC accession number PTA-1 344 binds. 

80. The hybridoma cell line which produces monoclonal antibody 5E8.7.4 and deposited with ATCC as accession 
number PTA-1 344. 

81. A chimeric anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 3C6.4.2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1347. 

82. A chimeric anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the SE1 1 .1 .2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1346. 

83. A chimeric anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 5G8.2.2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1345. 

84. A chimeric anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 5E8.7.4 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1 344. 

85. A humanized anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 3C6.4.2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1347. 

86. A humanized anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 5E1 1 .1 .2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1346. 

87. A humanized anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the 5G8.2.2 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1345. 

88. A humanized anti-APRIL antibody which specifically binds to APRIL polypeptide and comprises a sequence derived 
from the SE8.7.4 antibody secreted by the hybridoma deposited with ATCC as accession number PTA-1 344. 
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PRO 



Comparison Protein 



XXXXXXXXXXXX3QDC (Length ~ 1 5 amino acids) 
XXXX^rrnTYYY (Length- 12 amino acids) 



% amino acid sequence identity ~ 

(the number of identically matching amino acid residues between the two polypeptide sequences 
as determined by ALIGN-2) divided by (the total number of amino acid residues of the PRO 
polypeptide) = 

5 divided by 15 = 333°/* 



% amino acid sequence identity * 

(the number of identically matching amino acid residues between the two polypeptide sequences 
as determined by ALIGN-2) divided by (the total number of amino acid residues of the PRO 
polypeptide) » 



FIG. 5A 



Comparison Protein 



PRO 



XXXXXXXXXX (Length = 1 0 amino acids) 

XXXXXYYYYYY2ZYZ (Length = 1 5 amino acids) 



5 divided by 10 = 50% 



FIG. 5B 
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